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PREFACE TO FIFTH EDITION 

A new edition appearing during the rapidly progressive 
period of industrial activity associated with unparalleled 
war production, must necessarily contain some reference to 
the newer methods which have been introduced into the 
science and art of electrodeposition which has now found so 
wide application in engineering and industry generally. 

The time has not come to do justice to the somewhat 
unusual methods which have been called for. Some indica¬ 
tions, however, are possible, and are to be found in their 
respective sections of the book. 

Of these more recent improvements on older processes and 
those of recent initiation, it may at once be assumed that 
they have not been put into service in any haphazard manner. 
Modern progress calls for intensive research and explo ration 
of the practical possibilities prior to any attorn plrTJJ Jfppfy 
them in any type of mass production. 

Some improvements of older processes are naturally to be 
expected as newer processes are developed, but there is today 
more need than ever for them to be put on a sound practical 
basis before the layout of the capital and plant required for 
their large-scale application. 

That these newer processes will Jiave a determining influ¬ 
ence on the future of the indi^^at^, tjjiere, can be little doubt, 
though it m$y not be possible;as'yet to forsee with exactitude 

a fcvelopments wftl mature. 

us innovations it is generally recognized that 
lating had a far greater effect toward the general 
t of plating processes than could have been most 
anticipated, and it is now safe to assume that 
^resent period, when the scarcity of son c formerly 
terials has had to be compensated for by alterna¬ 
tive methods, these latter may find continued application in 
, developing peace-time industry. 

| In the present edition these newer features will lie mamh 
? of a practical character and are at present only briefly indi¬ 
cated. Details must be reserved for later publication. 

* »»! 
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PREFACE 


We again gladly and gratefully acknowledge our indebted¬ 
ness to those responsible for the loan of many of the illustra¬ 
tions which serve so excellent a purpose. Among them may 
be mentioned: The Westinghouse Brake and Signal Company, 
Limited, British Drug Houses, Imperial Chemical Industries, 
Messrs. Grauer and Weil, Limited, and Electro-Chemical 
Engineering Company, Limited. 

S. F. 

A. D. W. 


PREFACE TO FIRST EDITION 

The methods of the electrodeposition of metals have in recent 
years been considerably advanced. This has been to some ex 
tent due to the organized research which has been initiated and 
carried out in America at the Washington Bureau of Standards, 
and in this country by the Department of Scientific and Indus¬ 
trial Research. Concomitantly there has been a growing sense 
of co-operation evidenced by the various associations of 
electro-platers in America, and in this country in the recently 
established Electro-platers’ and Depositors’ Technical Society, 
the journal of which has been freely consulted by the authors. 
Many private firms, too, have been responsible for much 
organized research on the subject due, in part, to the increasing 
applications of electrodeposition in several departments of 
engineering. t V* - _ 

Very definite progress has aco*ned frran these efforts. Not 
only has our knowledge of the filttdamentalft been^argely in¬ 
creased, but quite new aspects of the deposition of m<E%l8 have 
passed the experimental stage and become establishe^fcractice 
with every promise of greater advances yet to com^^&h^ 
These advances have, so far, only found expression in the 
larger treatises and in many original papers. % 

It has, therefore, been thought advisable briefly to review 
these advances in a simple form which will, it is hoped, appeal 
to the practical plater. 

Such a brief account is necessarily very incomplete, as the 
authors well appreciate. It is hoped, however, that, within the 
compass of this book, there will be found sufficient to indicate 
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the nature of the advances, and to stimulate the desire for 
access to the numerous facilities now available for widened 
knowledge of the subject. 

jThe new scientific knowledge of electrodeposition is now 
^rmeating the workshop, and must continue to do so until 
„ie numerous problems at present existing, with those which 
re sure to arise with the increasing applications of electrolysis 
>o the adaptation of metals, are all referred to fundamental 
principles. Only through such channels can any hope exist 
for the extension of the processes and the production of 
deposits calculated to embrace the special properties now 
being called for. 

Grateful acknowledgment is here made for the loan of illus¬ 
trations from The Westinghouse Brake and Signal Company 
Limited, and Messrs. Grauer and Weil, Ltd. 

S. F. 

A. D. W. 



PRINCIPLES OF 
ELECTRODEPOSITION 

By X.\Mi l: i, Field, A K.( '.Sr. 25s. not 

ELECTROPLATING WITH 
CHROMIUM, COPPER, 

AND NICKEL 

By Bkn.mmin Freeman, Ph.D., and Frederick 
(». Hoppe, Superintendent , both of the National 
Chromium Corporation. 21s. not 

METALLURGY OF BRONZE 

B\ 11. ('. 1 )k\\ s 12s. 6d. not 

METALLURGICAL AND 
INDUSTRIAL RADIOLOGY 

By Kenneth S. Low, Associate of the It opal 
School of ('onsultinij Metallurgists. 7s. 6d. net 

THE MECHANICAL TESTING 
OF METALS AND ALLOYS 

Bv P. Field Foster, B.Sc.. M.So., A.M.l.Mooli.K. 

1$S. net 

Witte' for lis^of Pitmetitf* TO&inical ;Book s, 
post free , pom 

Pitman’s, 39 Parker St., Kingsway, W.C.2 



FUNDAMENTAL PRINCIPLES 


17 


such as silver and gold markedly depreciate the conductivity 
of copper. In many cases malleable metals are made brittle; 
ductile metals lose their characteristic power of being drawn 
satisfactorily into wire. Soft metals are made harder. Nowa¬ 
days there is every argument for the production of the purest 
form of metal with the subsequent addition of any small 
amounts of other metals which may be beneficial. 

While these examples concern the physical or mechanical 
properties of the metals, their chemical properties are equally 
altered, and this is a matter of moment to the metal colourer 
in view of the very different effects which are forthcoming 
when, for example, samples of pure and commercial metal 
are treated similarly in a colouring solution. As a general 
rule, the lighter browns produced on electrolytic copper are 
darkened on the commercial metal. There may easily be a 
' considerable difficulty in matching up colours of two parts of 
a copper article containing both the electrolytic and commer¬ 
cial forms of the metal. This- is a difficulty which the metal 
colourer frequently meets, arid the divergencies of colour in¬ 
variably increase with an increase of the impurity or, more 
generally, we may say, the added metal. 

Yet some of the changes of properties occasioned by the 
presence of impurities are definitely advantageous. Copper in 
silver and in gold sensibly hardens these relatively soft metals, 
and it seems reasonable therefore that some additions of 
metals can be made and increased in order to develop really 
useful properties in metals which iu their pure form are devoid 
of them. This is, in fact, t<he sii^le\ato*y of the production 
and application of what a%'called alloys* or mixed metals. 
For this purpose we may regard carbon as a metal and recall 
that even the smallest quantity ii. iron increases its hardness 
and strgp^th so that further controlled additions give rise to 
the series of carbon steels which constitute the most 

important raw' material of the engineering industry . 

the metal depositing and colouring sides, .00, these 
^IftHfoys show properties uideh different from tho-c of their 
constituent metals. Slight variations of compos 1 1 ion often 
bring marked changes in colouring properties increasing the 
complexity of the problem of the metal colourer to repro¬ 
duce the same shades on different batches of work of slightly 
different com posit ion. 
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Alloys. While electrolytic methods for the refining of 
metals have put on to the market a number of industrial 
metals in an exceedingly pure form, these do not necessarily 
exhibit properties of the greatest service in industry. It is 
common knowledge that certain mixtures of metals or alloys 
exhibit properties which are in advance of those of the pure 
metals individually, and hence the extensive' use of the alloys 
in many departments of industry. 

These alloys are used for several reasons. They are usually 
stronger than the single metals. They have increased hardness 
and therefore resistance to wear. Frequently they exhibit 
better working properties and are therefore more easily 
fashioned. Many have lov\er melting points and are applicable 
as solders. Others, too, are less liable to corrosion. 

These alloys are exceedingly numerous and therefore varied 
in composition and properties. There are some more or less 
standard compositions which have general acceptance, but 
there is always the tendency for manufacturers to deviate 
from the standard mixtures in order to obtain slightly enhanced 
properties for which some special proprietary claim may be 
made, and hence there can be no dependence that any two 
samples of brass, for example, are of the same composition 
unless they have been guaranteed to conform to some accepted 
specification. 

Action of Air on Metals. Few metals are capable of with¬ 
standing long exposure to atmospheric or other similar corro¬ 
sive conditions. A piece of steel rusts quickly on exposure to 
damp air.' 1 nt^nsi^^y^ti|^io!i during,f he past two decades 
has considerably «nlai$ed dhrknowledge pf b$th the facts 
and their interpretation. 

One estimate of the ravages of rust puts the annttal loss as 
of the order of £500,000.000, and rust has been called 

the ‘‘rat that eats steel.” Rusting is strictly a chemiftti pro¬ 
cess and thus constitutes an eternal and flameless fire. Initi¬ 
ally much labour is e.\])endcd in extracting iron from its 0i*e, 
but immediately the metal is put into service, unless definit&ljP 
prohibited, it degenerates again to rust. 

Research has of recent years produced a number of stain¬ 
less and therefore rustless metallic products. These are rela¬ 
tively costly, so that wc arc far from realizing a- “rustless” 
age. Cherub al industry is concerned with fighting the enemy 
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rust, and this is done by the application by one or other of 
several methods of chemically durable coatings. Paints and 
varnishes and less corrosive metals are examples, while a fur¬ 
ther alternative is that of producing on the surface of the 
corrosive metal a uniform and adherent layer of a stable 
compound, and this is the principle followed in metal-colouring 
processes. 

Rate of Corrosion. Corrosion proceeds at very different 
rates with different, metals and also with the same metal under 
differing conditions. This can readily be illustrated by sub¬ 
merging or partly submerging a number of clean iron nails in 
a variety of liquids. A good deal of suggestive information is 
forthcoming from even such simple experiments. For example, 
iron rusts in ordinary water, but the action is less marked in 
distilled water. If the distilled water is kept free from air 
the action on iron is only very slight, while a trace of alkali 
in water suffices to maintain the original brightness of the 
iron. Again, as may be anticipated, a small addition of 
hydrogen peroxide—which readily parts with oxygen— 
accelerates corrosion. These are results which are capable of 
simple explanation and from which some evidence is forth¬ 
coming upon which can be based a simple conception of the 
chemical changes concerned with the rusting of iron. 

Atmospheric Conditions. Before proceeding to a study of 
the action of air on metals some recognition of the constituents 
of the atmosphere must be made. In different parts of the 
country—and, where internationak service conditions are 
under consideration—of,, the WORd,\|fh£ Renditions of the 
atmosphere vary eonsidexipjMy. There are, for example, 
different degrees of humidity at different times, differences 
of temperature, the presence or absence of rain which may 
wash soluble products of the action of the atmosphere 

on the metal, and lastly, the presence of impurities arising from 
a difference in local industries with their respective outputs of 
^jjjasRons and other impurities into the air. 

^t)ne of the difficulties of comparison of results from different 
workers has been allowances for these different atmospheric 
conditions. \s a result, it becomes necessary to state exactly 
the atmospheric conditions at the point at which an investiga¬ 
tion has been carried out. In addition, there will he a. certain 
amount, of divergence in the recording and interpretation of 
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the results which accrue to the investigation. It is apparent, 
therefore, that the results of such work are not subject to 
the same rigid classification which obtains in cases in which 
the conditions can be definitely stated, and also consistently 
maintained. 

The atmosphere contains many constituents which might 
contribute to the staining, corrosion, and rusting of metals. 
Sulphuric acid is a common impurity. It results from the 
combustion of coals containing sulphur. Of this sulphur, 
probably one half finds its way into the air in the form of 
sulphuric acid and a slight appreciation of the following 
equation— 

S + 0 2 + O + H 2 0 = H 2 S0 4 

impresses the fact that 32 parts by weight of sulphur produce 
98 parts by weight of pure sulphuric acid. Hence 100 tons of 
coal containing 1 per cent of sulphur, during burning, adds 
to the atmosphere \ x — H tons of sulphuric acid, and an 
easy calculation shows the amount of acid added to the air, 
by a power station consuming 2,000 tons of coal per day, 
unless steps are taken—and these are taken in some modern 
power stations—to remove the sulphur constituents from the 
flue gas before it finds its way into the air. 

Another constituent of the air which makes a large contribu¬ 
tion to corrosion is carbonic acid gas (C0 2 ). In the case of 
iron the following cycle of operations is generally agreed 
upon— 


a very weak acid, carbonic acid 



v 

igh ltot Ja 


C0 2 and mpisture 
(HoCO a ). - 

Ferrous carbonate (FeCO a ) is a known, though 
constituent of rust. It is unstable, and in moist j»$J§£hanges 
thus— 

2FeC0 3 + 04 3H 2 () - Fe 2 0 3 .3H 2 0 + 2C0 2 
Hydrated ferric oxide is the nearest approximation 
composition of rust, while C0 2 is liberated and therefore^ 
free to continue cyclically its pernicious work. Everyday 
experience goes to show this. Painting over rusty iron is 
useless because of this continued action with the further 
production of rust which, underneath the coating of paint, 
ca*mr it. U, peel in large patches. Nevertheless, carbonic acid 


large, 


to&he 

fore 



TABLE VIII 






present. oxygen. 

White No action. Oxidizes to Sn0 2 (mixed with SnO). 

Bluish white Slight oxidation. Burns bluish flame forming ZnO. 
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gas plays some decorative part in the air in its production of 
those beautiful green antique effects common to statuary 
bronze. Here the acid first attacks the bronze and the Resulting 
compounds are transformed to green basic carbonaffes which, 
being insoluble, provide a permanent and pleasing coating. 

Sulphuretted hydrogen (H 2 S) in the air provides another 
staining and corrosive agent. It results from the combustion 
of coal gas. The gas attacks silver thus— 

2Ag + H 2 S - Ag 2 S + H 2 

The silver sulphide (Ag 2 S) constitutes the coloured tarnish 
upon all unlacquered silver goods. A similar action takes 
place with copper goods, the sometimes pleasing coloured 
stain being copper sulphide (Cu 2 S). Both of these metallic 
sulphides are soluble in a weak solution of potassium or 
sodium cyanide, and these reagents are used in the cleaning 
of these metals, though they are, of course, far too poisonous 
to constitute a household remedy. 

Corrosion and Rusting. Before leaving this brief account of 
the action of air on metals, it may be well to more carefully 
distinguish between the terms corrosion and rusting. The 
terms have so far been used somewhat vaguely, intentionally. 
A clear definition is now desirable. In the case of iron, the 
metal is in the first case very slightly dissolved by the acid 
constituents of the air. This attack (and other similar chemical 
effects) constitutes corrosion. Under some circumstances a 
metal may suffer such arwittack and still remain clean. This 
happens in the usiadL^ fil^yffl pj^cessys where the soluble 
products are washed ters. Formed 

slowly by the moist air, they fefe'ftot, in the absence of rain, 
washed away before they undergo the second change into 
insoluble and therefore more permanent products. This 
second stage constitutes rusting, the term being most Usually 
applied in the case of the corrosion of iron and its numnous 
variations in the form of steels. Finally, the accompawing 
table (VIII) gives a statement of the action of air on a nutllttf" 
of metals at both ordinary and elevated temperatures. 



CHAPTER II 

ELECTRICITY AND ELECTROCHEMISTRY 


Voltaic cells—Electrical units—Electrical work—Constitution of 
electrolytes—Current—The process of electrolysis—Degree of 
dissociation—Resistance of metals—Resistance of electrolytes— 
Mixed electrolytes—Relative ionic speeds—Absolute speeds of ions 

Voltaic Cells. It was at the end of the 18th century that 
electrical current was first generated by the now very well- 
known method of immersing plates of zinc and copper in dilute 
sulphuric acid. The current generated was reputed to flow 
from the zinc to thr copper inside the cell, and from the copper 
to the zinc outside the cell. For a long time this was the only 
source of current available for much important pioneering 
work in electrodeposition. The method, welcome as it then 
was, was nevertheless very faulty. Zinc dissolves in the acid 
and when current is being produced the corresponding hydro¬ 
gen is set free at the copper plate. Thus very fine bubbles of 
gas collected on the copper plate and set up a very high 
resistance, considerabty reducing the effect of the cell. This 
phenomenon was for a long time, and sometimes still is 
erroneously, called polarization. It could be minimized by 
continuously brushing off the gas bubbles, quite an incon¬ 
venient task. Later, Smee largely overcame tlie^4i 1 piculty by 
substituting for the copp er plate m^o f silver which had been 
platinized or A MatedlRhHm^^ ffl®OT i| p8ftinum. This film, 
while apparently emootlf^i^dcroscopically rough, and from 
the finest points of the deposit the hydrogen bubbles are 
detached in much the same way as a liquid drops from a 
point. This was the principle of the Since cell which provided 
anfautomatic method of eliminating the hydrogen and its 
defifimental effects. 

|J ghe introduction of the Daniel 1 cell in 1832 provided a 
cSemical and much more satisfactory method of overcoming 
the difficulty. In one of a number of forms, this cell comprises 
a plate or rod of amalgamated zinc immersed in dilute sulphuric 
acid in which also stands a porous pot containing a solution 
of copper sulphate with an immersed copper plate or rod. The 

23 
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varied forms of this cell can be found from other sources. The 
chemical reactions are of more importance here. 

In a simple manner it may be stated that the zinc dissolves 
in the acid— 

Zn f H 2 S0 4 = Z11SO4 + 2H 

The hydrogen does not appear at the zinc plate, but in thf 
ionic form migrates towards the copper plate and, in contac 
with copper sulphate, reacts thus— 

CuS0 4 4- 2H - H 2 S0 4 + Cu 

The blue colour of the solution thus slowly disappears 
copper is deposited on the original copper plate withou' 
hydrogen and there offers no addition to the resistance of th 
cell. The efficiency of the cell is therefore largely depend 
upon the presence of copper sulphate or, what is equivalen 
copper ions. The cell thus maintains a steady current ove 
long periods and finds considerable application in directions 
other than electrodeposition. The cell is of particular interest 
to us in that, if the current generated were used for th( 
deposition of copper, as much of that metal would be deposited 
within the cell as in a copper depositing outfit fed by the 
current. Further, it was from the observations made on this 
internal copper deposit that the modern art of electro-typing 
found its origin. This development was due to the keen 
observation of Spencer and Jordan in England and Jacobi in 
Russia. A simple observation was fraught with an important 
industrial supplication. The Daniell cell provides us with many 
principles iparallel totho^fcipplied in electrodeposition. 

Electrical Umtl&i^^ alo^g a conducts 

is, in many respects, c6mparallr^|jp that gf t*Mj£r througl ^ 
pipe. Thus in Fig. 1, the flow of water is effected Hrthe pump, 
while the heights of water in the t ubes A , B , and CjpUcate the 
pressure of the water at the base of these tubes. JWilarlY, in 
Fig. 2, the conductor AB is carrying electricity, this result 
being due to the cell or accumulator C. Simple conceptions 
and units are important. We measure quantity of wateifeyfc 
pounds or gallons. Similarly we measure electricity UK 
coulombs, and we define the coulomb as the quantity of elec* 
tricity which will deposit 0 001118 gm. of silver, 0*00032$ 
gm. of copper, or 0*00001035 gm. of hydrogen. 

Next, we measure the rate of flow of water in pounds 
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or gallons in minutes or hours, rate involving both quantity 
and time. Similarly current is the rate of flow of electricity. 
When the rate is such that one coulomb passes a given point 
>r second, the rate of flow of electricity or current is called the 
mpere, a single term embodying both quantity and time, 
can therefore measure current by allowing it to deposit 
'per or silver. Thus, if in 30 minutes, 1-5 gm. of copper are 
posited, then the average current is— 



Why this apparently unusual unit came to be adopted need 
lot be explained in detail, but it may be said that it is exactly 
me-tenth of a unit of current derived from electro-magnetic 


henomena and based on the c.g.s. (centimetre, gram, second) 
^ 4em of units. ^ ilfe 1 *' ? 

Ne:rt, in Pig. I, wat#$H!iy moves because there is a dif¬ 
ference ofpressure between the points A and C. The greater this 
difference of pressure the greater the tate of flow of the water. 
Similarly, in Fig. 2, electricity flows from A to B because 
there a ^ so a difference of (what is here called) potential. 
Thg^reater this difference of potential, the greater the rate 
ow of coulombs or, in other words, the greater the current, 
lienee arises this difference of jjptential? In the case of 
| water, the pressure is applied at the pumping station (in most 
liases) . In the electrical simile the force is developed in the 
\ell, accumulator or generator. This force is called Electro¬ 
motive Force (E.M.F.). The difference of potential between 
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the points A and B determines the force expended in driving j 
the coulombs along the wire. 

The unit of electromotive force is the volt which is also the 
unit of P.D. It is the unit driving power behind the electricity. 
Now all conductors offer some opposition or resistance to the 
flow of electricity. This resistance is measured in terms of 
ohms. The ohm is the resistance offered by a column of mer¬ 
cury 106-3 cm. long and a cross-sectional area of 1 square 
millimetre at a temperature of 0° C. This may appear to be a 
curious choice, but the derivation of these three important 
units was not made according to their convenient definitions. 
They had other origins which do not concern us here. 

Now the volt is that difference of potential required to 
maintain a current of one ampere in an ohm resistance. 
This simple relationship is algebraically expressed in the form 

^ — Current (I) (amperes) 

R (ohms) 


The rule applies for the whole or parts of a circuit, and is 
universally known as Ohm’s Law, and is illustrated in Fig. 3 in 

which voltmeter and ammeter 
jy o/t are shown connected to a wire 

having a resistance of one 
'N. ohm between the points A 

/__ IQhm _\ and B. With this constant 

* \T ~jB resistance any increase in the 

^-—- ^ P.D. between the two points 

77 , f ? effects corresponding in- 

mp ' cfoasfe in the Current or, in 

Fig. 3. Illustrating Ohm’s Law oilier Words, in constant 

resistance, current is pro¬ 
portional to the P.D. With the acceptance of this law, am¬ 
meter and voltmeter readings provide a method of deter¬ 
mining the resistance. If, for example, between the points 
A and B with a different wire resistance there is a P.lX%f 
2 volts and the ammeter reading is 10 amperes, then— 


0-2 ohm. 


In much the same way if the voltmeter reading across a plating 
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bath is 2*5 volts and the current 20 amperes, then the equiva¬ 
lent resistance of the bath is 2-5 -f- 20 = 0-125 ohm. The 
relationship of these three values will have many applications 
in the interpretation of the instrument readings across a plating 
tank, although there are occasions when some slightly different 
interpretation will have to be placed upon the readings. 

Electrical Work. When metals are being deposited from 
solutions, work is being done, and this, varying with the 
conditions, must be capable of quantitative expression. Now 
electrical work is expressed as joules, the joule being the 
amount of work done when a current of one ampere is pro¬ 
duced under a P.I). of one volt for one second. Thus with a 
bath pressure of 3 volts and a current of 40 amperes, the 
work done per hour 

= 3 x 40 x 60 x 60 --= 432,000 joules. 

On the mechanical side, work is expressed in terms of the 
foot-pound which is equivalent to the work done in raising a 
pound weight to a height of one foot. Thus a hundredweight 
raised to a height of 10 feet represents an expenditure of work 
of 112 X 10 — 1120 foot-pounds. 

We frequently, however, express the rate of doing work. 
Thus, when work is done at the rate of 33,000 foot-pounds per 
minute or 550 foot-pounds per second the rate is called one 
horse-power. 

In electrical work, when work is done at the rate of one 
joule per second the rate is expressed as a single term, the 
watt. Watts are therefore amperes x volts. Both the watt 
and joule are small unile, and are conveniently replaced for 
much work by larger units* Thus the kilowatt = 1000 watts, 
and the kilowatt-hour represents 1000 X 60 x (30 = 3,600,000 
joules. This unit—the kilowatt-hour—is called the Board of 
Trade unit (B.o.T.U.) and is the unit used in the measure¬ 
ment^ of power consumption bv the electrical supply 
companies. 

jpLMJomparison of the usual mechanical units with those used 
il^nlectrical work is also of interest. Careful experiment has 
revealed the fact that— 

$ 1 joule = 0-7372 ft.-lb. 

1 watt is therefore equal to 0-7372 ft.-lb. per sec. 
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Hence 

and 


1 ft.-lb. per sec. = 1 -f- 0-7372 watt 


550 ft.-lbs. per sec. 


550_ 

0-7372 


= 746 watts. 


Hence 1 horse-power = 746 watts and this is usually designated 
E.H.P. to represent the fact that electrical power is being 
expressed. 


Similarly, 1 kW.hr. 


= 1$ E.H.P. 


These are units which are frequently required when it 
becomes necessary to express the work done in any large-scale 
deposition. For small work, however, we are not frequently 
concerned with the quantities. Other factors in the deposition 
are of greater moment. 

Constitution of Electrolytes. By the term electrolysis is 
meant, in general, the decomposition of chemical substances 
by the aid of electrical energy. The term is, however, equally 
applicable to operations in which electrical energy is used in 
the production of chemical materials. 

An electrolyte is a substance amenable to this electrical 
decomposition. The term is sometimes applied to substances 
either in the solid form or in the form of a solution. A closer 
study of the subject, however, demands some differentiation 
between these two forms of the same substance. In the solid 
form the substance may be a non-conductor. Even in some 
solvents it may fail to conduct the electrical current. In 
neither of these forms is it susceptible to the type of decom¬ 
position which is called electrolysis.,^ In another solvent, 
usually water, the substance may oondlict electricity and then 
be subject to electrolysis. In this form it is an electrolyte, 
which may therefore be regarded as a conducting medium in 
which the current effects chemical changes in acooroance with 
well-defined laws, which must be stated. These laws are those 
usually associated with the name of Faraday. *Jk 

The electrical energy is applied to these electrolytic AjjJu- 
tions by two electrodes which conduct electricity metalliiM^ 
(that is without decomposition), the chemical changes 
place within the solution and on the immersed portions of the 
electrodes. 

These electrolytic substances are, when dissolved in water* 
(the usual solvent), subject to a type of change which is called 
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electrolytic dissociation , the products being called ions and the 
process being reversible. Common salt (NaCl) is such a 
substance. Dissolved in water it becomes in part resolved 
into ions as follows— 

NaCl ^ Na* + Cl" 

These ions are charged atoms or radicals (groups of atoms 
which exist in combination but are not obtainable in the free 
form). A further example illustrates this when— 

CuS0 4 ^ Cu- + S0 4 ~ 

These ions carry electrical charges either positive or negative; 
hydrogen, the metals, and basic radicals being positively 
charged, while the acidic radicals are negatively charged. 
By this negative charge may be understood the addition of 
an “atom” of negative electricity or electron as it is termed, 
while the positive charge may be taken as meaning the loss 
of an electron. Thus the chlorine ion is a chlorine atom carry¬ 
ing an electron, while the sodium ion is the sodium atom 
minus an electron. These negative electrons are the funda¬ 
mental charges in virtue of which all these electrolytic 
processes are made possible. 

There are some exceptions to this general rule of dissocia¬ 
tion. Mercuric chloride solution, for example, is only very 
slightly ionized. It is a very feeble conductor and other 
evidences point to the same conclusion of slight ionization. 

In some cases ionization proceeds in two or more stages. 
Thus the usual constituent of the silver plating solution is 
AgCN.KCN. 

This dissociates as follows— 

First Stage. AgCN*KCN ^ K* + Ag(CN)v 
Second Stage. Ag(CN) 2 " ^ Ag* + 2CN". 

The second stage, however, is usually very slight, there 
beiq£ only a very small amount of silver in the solution as 
silver ions (Ag*). The ion Ag(CN) 2 " is called a complex ion, 
bptag capable of further resolution into more simple ions. 

Substances which dissociate largely at low or moderate 
dilutions are called strong electrolytes, while others, like 
acetic acid, which are only slightly dissociated at low or 
moderate dilutions are termed weak electrolytes. 

The atoms, and therefore the ions, are exceedingly 
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small. Some idea of their dimensions may be gathered 
from the fact that the copper deposited by 1 ampere in 
one hour (1*182 gm.) results from the conversion of no fewer 
than 11,000,000,000,000,000,000,000 copper ions into atoms 
which have then to be obtained in a form carrying the 
♦properties desired in the copper deposit. 

Current. These ions respond to electrical influences. The 
function of the electrical generator is to keep the elec¬ 
trodes charged, thus attracting ions carrying opposite charges. 
The negatively charged ions or anions are attracted to the 
positively charged electrode which is called the anode , while 
the positively charged ions or cathions pass through the solution 
to the negatively charged electrode or cathode. This orderly 
motion of ions towards the electrodes is called the migration 
of ions. According to the older conception of current in electro¬ 
lytes, the anode was the electrode by means of which current 
entered the solution, the cathode similarly being the electrode 
by which the current left the solution. In conformity with 
modern conceptions the anode is the electrode by which elec¬ 
trons separated from the migrated anions leave the cell, while 
the cathode provides the entrance for electrons to neutralize 
the positive ions which by migration reach the cathode. There 
is thus a definite change in the conception of the direction of 
the current, but it is easy to adapt our notions to the more 
up-to-date scheme. 

Further, current in the metallic conductor comprises the 
passage of electrons from atom to atom or molecule to mole¬ 
cule withput the movement of these atoms or molecules. In 
the electfblyte, however, current is this orderly motion of two 
streams of oppositely charged ions in opposite directions. 
Current is therefore developed in the electrolyte by the elec¬ 
trical potentials produced and maintained at the electrodes 
by the generator. It is not an external motion of electricity 
which is, then, passed through the solution. Many phenotlpna 
in electrolysis would be altogether unintelligible apart fifoip 
this more modern conception of the mechanism of electrolylli. 

The Process of Electrolysis. A simple idea of what is happen¬ 
ing in an electro-plating solution is essential in order to appre¬ 
ciate the conditions which make for successful deposition. 

Take the case of copper sulphate. It is well recognized that, 
in solution, this substance is partly dissociated into ions, thus 



ELECTRICITY AND ELECTROCHEMISTRY 


31 


CuS0 4 ^Cu** + S0 4 ‘\ These ions are electrically charged. 
With an applied P.D., they migrate to their respective elec¬ 
trodes, and thus the metal ions find their way to the cath¬ 
ode. There they gain electrons and become converted into 
atoms, and are deposited. ^Copper ions are blue, but the 
deposited copper is red.' At the anode, the S0 4 ‘" ions are not 
discharged. With a copper anode, more copper passes into 
the ionic form, and this, in company with the S0 4 ions, con¬ 
stitutes the new copper sulphate, which takes the place of 
that which has been decomposed to supply the deposited 
copper. Other compounds used in electro-plating behave 
similarly, producing ions as shown in Table IX. 

TABLE IX 

Electrolytes and Ions 


Substance 

Formula 

Ions 

Anion 

Cathion 

Copper sulphate . 

CuS0 4 

S0 4 ““ 

Cu* 

Silver nitrate 

AgNOg 

NOg- 

Ag* 

Nickel sulphato 

Ni S0 4 

S0 4 

Ni* 

^Copper potassium 
cyanide (1) 

Cu K(CN) 2 

Cu(CN) 2 - 

K* 

» (2) 


2CN- 

2 Cu* 

Silver potassium 
cyanide 

AgK(CN) 2 

Ag(CN) 2 - 

K 

Potassium carbonate 

k 2 co 3 

COg-- 

2K* 

Caustic soda 

NaOH 

OH- 

Na* 

Sulphuric acid 

h 2 so 4 

so 4 -- 

1 

Zinc sulphate 

ZnS0 4 

so 4 - - 

Cadmium sulphate 

CdS0 4 

so 4 — 1 

Cd» 


If the anode is not freely soluble, then water is ionized, lead¬ 
ing to the retention of the hydrogen ions in the solution, which, 
with the S0 4 *" of a sulphate forms sulphuric acid, well known 
to be produced with insoluble or imperfectly soluble anodes, 
while oxygen is evolved at the anode. 

Acoording to this view, the undissociated copper sulphate, 
being neutral, takes no direct part in the plating process, and 
dbes not add to the conductance of the solution. In the ordin¬ 
ary plating solution, which also contains sulphuric acid, only 
about one-fifth of the blue salt is dissociated. The addition of 
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acid for the purpose of conductance actually reverses, in part, 
the dissociation of the copper compound. 

'✓'Degree of Dissociation. Different substances vary very 
considerably in the extents to which they dissociate in solu¬ 
tion. Some dissociate considerably while others in a similar 
state of dilution, to only a very slight degree. The methods 
by which this information has been acquired need not be given. 
The results are of far greater importance. To take an example, 
a solution of copper sulphate containing 125 gm. of the blue 
salt per litre contains only one-quarter of its material in the 
ionized form, the remaining three-quarters being in the 
molecular or undissociated form. The degree of dissociation 
is therefore (expressed as a fraction) only 0*25. This is an 
approximate figure. For every four molecules of the salt put 
into a solution of this concentration, there are three molecules 
of the undissociated salt while the dissociated molecule has 
produced one each of Cu and S0 4 ions. Of all this material, 
only the ions conduct and therefore, from the conducting point 
of view, the three-quarters of the material is inactive. If the 
solution is diluted to one-tenth of this strength the degree of 
dissociation increases to about two-fifths. It is an invariable 
rule that dissociation increases with dilution. 

With the acids usually regarded as strong, the degree of dis¬ 
sociation is considerably greater. Thus with hydrochloric acid 
containing 36*5 gm. HC1 per litre, the degree of dissociation 
is of the order of four-fifths, while by dilution to one-tenth of 
the strength the dissociation increases to over nine-tenths. 

Relevant figures are given in Table X. 

♦ABLE X 

Decree: of Dissociation 


Electrolyte 

(tin. 

per 

Litre 

| ()z. per 
i Imp. 

1 Cal. 
approx. 

Degree 

of 

Disso¬ 

ciation 

Gm. 

Degree 

of 

Disso¬ 

ciation 

Sulphuric acid 

49 

I 

i 

i 

8 

•52 

4-9 

m 

Hydrochloric acid 

36-5 

1 

6 

•79 

3-65 

4*5 

Acetic acid. 

(JO 

| 

10 

•0038 

6 

•013 

Caustic potash . 

56 


9 

•77 

5-6 

•89 

Copper sulphate . 

124*8 

1 

20 

•225 

i 

12-48 

•395 
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A simple illustration of this principle is seen in the fact that 
sulphuric acid and boric acid may be made of the same 
molecular strength. The sulphuric acid exhibits all the usual 
properties of acids, while boric acid is obviously very harmless. 
The acid properties in both cases are due to the presence of 
hydrogen ions, which are abundant in the case of sulphuric 
acid and only very few in the case of boric acid. Boric acid 
is therefore only a feeble conductor of electricity and its pre¬ 
sence in the nickel solution is evidently not for the purpose 
of imparting conductance. 

Resistance of Metals. The electrical resistance of metals 
is relatively small. That of the centimetre cube is called 
the specific resistance or resistivity. In the case of metals it is 
so small that it is more conveniently expressed in millionths 
of an ohm or microhms. Values for the more common metals 
are given in Table XI 

TABLE XI 

Resistance of Metals and Alloys 


Metal 

Sp. R. 
Microhms 
per Cm. 3 

Relative 

Conductance 

Silver ..... 

1*6 

100 

Coppor ..... 

1-6 

100 

Gold. 

206 

78 

Aluminium .... 

2-9 

55 

Zinc ..... 

5*75 

28 

Platinum .... 

8-9 

1$ 

Iron ..... 

9*6 

1A7 

Nickel ..... 

12-4 

IT 

Lead ..... 

20 

7-5 

Antimony .... 

35 

4*6 

Mercury..... 

100 

1-6 

Bismuth .... 

130 

11 

Nickel silver . 

32 

50 

Platinoid .... 

42 

3-9 

Mahganin .... 

53 

30 


Resistance Of Electrolytes. The resistance of electrolytes is 
considerably greater than that of metals and is expressed in 
ohms. That of sulphuric acid containing 49 gm. H 2 S0 4 per 
litre (the normal or equivalent solution) is about 5 ohms, 
that is, over 3,000,000 times that of copper. This is usually 
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considered a good conducting solution. The values of other 
electrolytes are found in Tables XII and XIII. 

TABLE XII 

Specific Resistance of Electrolytes 


Electrolyte 

Grammes 
per litre 

Sp. R 
ohms 

Conductivity 

1 

“ Sp. R 

h 2 so 4 

49 

5-05 

•198 

HC1 ... 

36*5 

3-32 

* -301 

HNO s 

63 

3-226 

•310 

HC a H 8 0 2 . 

60 

757 

•00132 

KOH 

56 

5-43 

•184 

NaOH 

40 

6-37 

•157 

NH S (Soln). 

17 

1121 

•00089 

KjCO, 

69 

14-14 

•0707 

Na,CO, . 

53 

21-98 

•0455 

KC1 ... 

74-5 

10-18 

•0982 

NaCl 

58-5 

13-45 

•07435 

NH 4 C1 

53-5 

10-31 

•097 

CuS0 4 .5H 2 0 

124-8 

38-7 

•0258 

AgNO, . 

170 

14-79 

•0676 


TABLE XIII 

Resistance of Electrolytes 


Electrolyte R^etance* j Conductivityf 

_ _ I __ I _ 


Capper sulphate (sat) 

„ „ (normal j 

Zinc sulphate (sat) 

„ „ (normal) 

Sodium chloride N. 
Potassium chloride N. . 
Sulphuric acid (Sp. Gr. 1*2) 
„ N. 

Nitric acid (Sp. Gr. 1*36) 

„ „ N. 


* Specific Resistance . . . ohms per cm.* 
f Conductivity . . . amperes per volt per cm.* 

The method of determining the specific resistances of electro* 
lytes does not call for immediate treatment and is well be¬ 
yond the scope of this work. Nevertheless two simple though 


29-3 

•0341 

38*8 

-0258 

33-7 

•0296 

32*1 

•0311 

1*3-4 

•07436 

10-18 

•0982 

1-35 

•74 

5-05 

-198 

1*4 

*714 

3-226 

•310 
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inadequate methods may be described to give ‘a greater 
appreciation of the meaning of the term and importance of the 
property. Imagine a cell as shown in Fig. 4 with opposite and 
parallel copper electrodes in a solution of copper sulphate of 
normal strength, that is, containing 124*8 gm. of the blue salt 
per litre. Voltmeter and ammeter are attached and a current 
is produced in the cell. In addition to the voltmeter and 
ammeter readings, we have by simple measurement the inter¬ 
electrode distance which is the length of the electrolyte, and also 



Fig. 4. Resistance of Electrolyte 


the sectional area (the product of the breadth and depth of 
the solution and electrodes). Assume the following readings— 
P.D. = 4*65 volts 
/ = 0*15 ampere 
l — 20 cm. 
a = 25 sq. cm. 

The total resistance of the solution is therefore E ~ 1 or 


4*85 4* *15 — 31 ohms 


As resistance is proportional to length and inversely propor¬ 
tional to sectional area or 

K — Sp- R . X l (cm.) 
a (cm. 2 ) 

the specific resistance is obtained by dividing the total resis¬ 
tance by the length in centimetres and multiplying by the 
area in sq. cm. The specific resistance is therefore— 


31 X 25 


= 38*8 ohms. 


20 
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This method, while apparently simple, has little application 
for electrolytes as there are a number of circumstances which 
militate against its accuracy. These include changes in the 
concentration of the electrolyte around the electrodes, and 
also, where insoluble or imperfectly soluble anodes are being 
used, changes in the chemical composition of the solution. 

To some extent, the errors due to these slight changes of 
concentration and a slight polarization can be eliminated by 
a modification of the apparatus used. A glass tube (Fig. 5) 
is fitted with stoppers and two small copper electrodes which 



A 

Fig. 5. Resistance of Electrolytes 

practically fill the section of the tube. The tube is filled with 
electrolyte—an acid copper solution—and connected in series 
with a suitable accumulator (^4), variable resistance ( VR ), 
and current detector (G), and an easily observed reading 
taken. The cathode is now withdrawn through a measured 
length further from the anode. This increases the resistance 
and reduces the current. The current is now brought back to 
its original value by taking out resistance from VR. This 
reduced resistance is equal to that added in the electrolyte by 
the movement of the cathode. Thus an increase of 10 cm. 
length of electrolyte in a tube of 2 cm. diameter gave an 
increase in resistance of 17 ohms. Then— 

22 

Area of tube — irr 2 --- y sq. cm. 

R Xji 

l 

17 22 _ 374 

10 X 7 70 

-- 5*3 ohms 


Further— 

Specific resistance == 
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For electrolytic resistances, however, alternating current 
methods are employed as these do not occasion any per¬ 
manent change in the electrolyte undergoing test. 

Now as resistance is proportional to length and inversely 
proportional to sectional area, it is obviously desirable, as 
far as is practicable, to keep down the distance between the 
electrodes and have these as large as possible. Where elec¬ 
trodes of large sizes are placed close together, the resistance 
may be very small indeed. 

In the case of an acid copper solution containing 150 gm. 
of the blue salt and 50 gm. of acid per litre, the specific 
resistance (see Table XIV, page 38) is 5*3 ohms. 

With square foot electrodes placed 4 in. apart the electrolyte 
immediately between the plates will have a resistance of— 


5-3 X (4 X 2-54) 
(12 X 2-54)2 


0*058 ohm. 


These conditions only infrequently obtain in electro¬ 
deposition practice owing to the irregular shape of the work 
under treatment. Where large scale deposition is concerned, 
these are matters which call for consideration, as reduced 
bath resistance means reduced P.D. to produce the desired 
current and thus reduced electrical work, most of which is 
converted into heat in the solution. As such, it cannot be 
regarded as entirely wasted. In fact, in some processes this 
constitutes a convenient method of warming the solution 
and maintaining a moderate temperature. 

Usually, however, the sectional area of the solution exceeds 
that of the surface of the electrodes, and the resistance is 
thereby further reduced. 

Mixed Electrolytes. Usually electro-depositing solutions 
are supplied with some constituent which adds conductance 
without impairing the required chemical properties. Illus¬ 
trative of this is the addition of sulphuric acid to the copper 
sulphate bath, the marked reduction of the resistance of which 
is shown, though not to an exact scale, in Fig. 6. 

At the same time it may be pointed out that where an 
added substance, in this case the acid, has an ion common 
with one of the original substance, in this case the S0 4 of the 
copper sulphate, each substance suppresses the dissociation 
of the other. Thus it is that the addition of copper sulphate 
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to sulphuric acid does not add to its conductance. The 
reverse, and to some extent unexpected, result is observed. 
In any case the resistance of the mixed electrolyte is greater 
than that which might be calculated by the addition of the 



Fig. 6. Decreasing Resistance of Copper Sulphate with 
Additions of Acid 

two individual conductances. This is illustrated by the data 
embodied in Table XIV. 


TABLE XIV 

Resistance of Mixed Electrolytes 


CuS0 4 .5H 2 0 

h 2 so 4 

Sp. Resistance 
of mixture 

Grams | 
per litre | 

Sp. R. 

1 

Grams 
per litre 

Sp. R. 

Calc. 

| Found. 

0 


50 

4-8 

i 

4-8 

1 

4-8 

50 

65 

50 

4-8 

4-48 

4-9 

100 

45 

50 

4-8 

4-34 

61 

150 

29 

50 

4*8 

4-07 

6*3 

200 

24 

50 

4*8 

40 

6*5 


Other additions for the improvement of conductance are 
a number of neutral salts in the nickel bath and of carbonates 
in the usual cyanide solutions, though it often happens that 
these additions serve other advantageous purposes 

Conductance, too, is usually improved by elevation of 
temperature, and hence the use in some cases of warmed 
solutions. This increase in conductance varies with the 
different solutions and generally may be taken to be of the 
order of 1*5 to 2*5 per cent per degree centigrade over the 
value at ordinary temperatures. 
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Relative Ionic Speeds, The steady motion of ions towards 
their respective electrodes, with the accompanying transporta¬ 
tion of the electrical charges they carry, constitutes current 
in the solution. Some ions move rapidly, others more slowly. 
Hydrogen provides the most rapidly moving ion. Ionic speed 
contributes to the conductance and, in electrolytes, current 
is not something manufactured outside the solution and then 
passed through, but is the steady motion of the ions, developed 
by the attraction of the charged electrodes. Again, some 
substances are more freely ionized than others. For the 
best conductance the substance should ionize freely and 
produce rapidly moving ions. This condition is realized 
with sulphuric and similar acids, hence the addition of sul¬ 
phuric acid to the feebly conducting copper sulphate 
solution. 

The relative rates of migration can readily be determined. 
They are usually obtained in pairs. Chemical analysis of the 
solution around the anode and cathode in a solution of copper 
sulphate without free acid shows that the two ions, Cu" 
and S0 4 ~, migrate at relative rates represented by the figures 
0*375 and 0*625. The copper is the slower ion. The simpler 
proportions are as 3 : 5. Put another way, this means that 
three-eighths of the total current is concerned with the trans¬ 
port of copper ions towards the cathode and five-eighths 
with the motion of S0 4 “ towards the anode. Put in still 
another way, it means that of the total current depositing 
8 gm. of copper, only sufficient current is in the direction 
of the cathode to transport 3 gm. of copper. For every 
8 gm. of copper deposited there will be a deficiency of 5 
gm. around the cathode, the solution here becoming rapidly 
weaker and inefficient unless, by some method of stirring or 
circulation, the solution strength is maintained around the 
cathode. The bearing of this on continued deposition needs 
no further emphasis. Practical methods of dealing with the 
difficulty will be touched upon later. 

Relative rates of migration of the several pairs of ions are 
shown in Table XV. 

From these figures it will be seen that H ions move nearly 
five times as fast as Cl ions. Similarly, as H ions move 
0-822 ~ 0*178 = 4*6 times as fast as S0 4 ions, and these in 
turn move 0-625 -f- 0*375 = 1-66 times as fast as copper ions, 
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TABLE XV 

Relative Rates op Migration of Ions 


Electrolyte 

Anion 

Cathion 

Copper sulphate 

•625 

•375 

Silver nitrate . . . > 

•529 

•471 

Sodium chloride 

•604 

•396 

Sulphuric acid .... 

•178 

•822 

Caustic soda .... 

•825 

•175 

Hydrochloric acid 

•167 

•833 

Nitric acid .... 

•159 

•841 

Cadmium sulphate 

•616 

•384 

Ammonium chloride . 

•508 

•492 

Magnesium sulphate . 

•619 

•381 


it follows that under the same electrical conditions, H ions 
move 4*66 X 1*66 = 7*7 times as fast as copper ions. Thus 
it is possible to draw up a list of ions in the order of their 
relative speeds of migration. Such a list is given in Table XVI 

TABLE XVI 
Relative Ionic Speeds 


Cathions 

Anions 

H (hydrogen) . 

100 

OH (hydrion) 

. 61*8 

K (potassium) 

19*6 

S0 4 (sulphion) 

. 21-7 

NH 4 (ammonium) . 

19*3 

Cl (chlorion) 

. 20 

Ba (barium) . 

161 

NO, (nitrion) 

. 18-9 

Cd (cadmium) 

151 

C 2 H,0, (acetion) . 

. 11-8 

Ag (silver) 

14-9 


Na (sodium) . 

131 



Cu (copper) 

13 




in which H ions, which move the fastest of all ions, are given 
a speed of 100. Usually the metal ions move slowly, and this 
results in the cathode layer of solution becoming weak in 
metal and leads to the necessity for stirring of some form to 
maintain uniform concentration and supply the needful metal 
to the cathode. 

Absolute Speeds of Ions. The absolute rate of migration of 
ions depends also upon the P.D. applied. The rate is very 
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small and is usually expressed as centimetres per second when 
the P.D. is 1 volt per centimetre. 

Some of the important values are shown in the following 
Table (No. XVII). From them it will be appreciated that in 

TABLE XVII 
Absolute Speeds of Ions 
cm/sec/volt/cm at 18° C. 


Cathions 

Anions 

H 

. -00326 

OH 

. -00180 

K 

. -000668 

S0 4 

. -000703 

Ag 

. -00056 

Cl 

. -000681 

Cu 

. -000476 

NO, . 

. -000631 

Na 

. -000457 ! 

C a H a O a . 

. -000356 


practical electrodeposition we cannot be entirely dependent 
upon this migration for the supply of ions to the cathode. 
Illustrating this it may readily be calculated that with copper 
electrodes 10 cm. (4 in.) apart, and with a P.D. of 1 volt, the 
time taken for a copper ion to migrate from the anode where 
it is formed to the cathode where it is required is— 

10 X 10 _ ro.o u 

0-000476 x 3600 ° 3 ° Ur8 ' 

This slow migration, however, is usually amply compen¬ 
sated for by the disturbance to the solution due to the addition 
and withdrawal of work, by the convection currents of warmed 
solutions, or by designed circulation or agitation. 









CHAPTER III 

ELECTROCHEMISTRY 

Faraday’s Laws—Current efficiency—Coulometers—Ampere-hour 
meters—Current density—Current density meters—Correcting 
current density by P.D.—Supplementary anodes—Shields—Hi-polar 
electrodes—Polarization—Electro-chemical series—Electrode poten¬ 
tials—Potential diagrams—Overvoltage—Applications of electro¬ 
chemical series—Production and discharge of ions 

Faraday’s Laws. The quantities involved in electrolysis were 
thoroughly explored in experiments by Michael Faraday, 
whose results are embodied in two simple yet all-important 
laws. First we recall that unit current is called the ampere, 
while unit quantity of electricity, the ampere-second, is termed 
the coulomb. Faraday's First Law states that the quantities 
of substances involved in electrolytic changes (including there¬ 
fore the metals deposited) are proportional to the number of 
coulombs passed. Thus, under similar conditions, 10 A. in 
2 hours deposit twice as much metal as 2J A. in 4 hours. 
Faraday's Second Law states that the quantities of chemical 
substances concerned in electrolysis (including, therefore, 
metals deposited) are proportional to their chemical equiva¬ 
lents. These are quantities with which we must be familiar 
to appreciate quantities of metals deposited by various cur¬ 
rents. Some knowledge of chemistry is required for this 
purpose. Chemical equivalents mean the weights (which 
may vary very considerably) of chemical substances which 
do the same amount of chemical work. For example, it will 
soon be appreciated that 49 gm. of sodium cyanide d<Mhe 
same amount of work in a solution as 65 gm. of potassium 
cyanide. They are equivalent quantities. Similarly 32*5 
gm. of zinc and 9 gm. of aluminium both displace 1 gm. 
of hydrogen from hydrochloric acid. They, too, are equivalent 
quantities, and such quantities as are related to 1 gm. of 
hydrogen, or more exactly 8 gm. of oxygen, are called 
chemical equivalents . 

At this stage it may be well to add a more comprehensive 
definition of the term electrolysis as implying “the production 
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of chemical changes by ionic migration and discharge in 
accordance with Faraday’s laws.” 

A few other interesting quantities may be noted. The 
electro-chemical equivalent (E.C.E.) is the amount of substance 
concerned with 1 coulomb. This is usually a very small 
amount, and is therefore expressed in milligrams. This 
amount multiplied by 3600 (seconds per hour) gives the 
weight of metal deposited per ampere-hour, a useful figure in 
all computations of weights deposited. Further useful figures 
are the weights in pounds avoirdupois per 1000 Ah. while, 
where we are concerned with estimations of thickness of 
deposits, it is easy to calculate the thickness of deposit for 
definite current densities and time. From these figures many 
others of interest are easily obtained. 

Many of these quantities are embodied in Tables XVIII 
and XIX. 

TABLE XVIII 
Quantitative Data 


Element 

I 

Sym¬ 

bol 

Chemi¬ 

cal 

equiva¬ 

lent 

i 

E.C.E. 

mg. 

Gm. 

per 

Ah. 

Lb. 

' (av.) 
per 
1000 
Ah. 

Mils, 
per hr. 
per 10 
A. 
per 
sq. ft. 

Cadmium 

Cd 

56 

•58 

2-088 

4-6 

1 

Chromium 
Copper | 

(sulphate) | 

Cr 

8-75 

•091 

•3276 

: 

* 

Cu 

31-8 

•329 

1*182 

2-61 

•56 

(cyanide) 

»» 

63-6 

•658 

2-364 

5-22 

M2 

Cobalt 

Gold 

Co 

29-5 

•305 

1-098 

2-42 

i 

•53 

(chloride) 1 

Au 

65-6 

•676 

2-436 

78oz.tr. 


(cyanide) 

19 

197 

2-03 

7*308 

235 ,, 


Hydrogen 

H 

1 

•0104 

•0376 

— 


Iron 

Fe 

28 

•29 

1*044 

2-3 


Lead 

Pb 

103-5 

1-071 

3-86 

8-51 

1-45 

Nickel 

Ni 

29-3 

•303 

1-090 

2-40 

•534 

Oxygen 

O 

8 

•0828 

•298 

— 


Silver 

Ag 

108 

1T18 

4024 

129oz.tr. 

1-63 

Tin 

Sn 

59-5 

•615 

2-21 

4-87 

1*28 

Zinc 

Zn. 

32-5 

•338 

1-22 

2-6 

•74 

i 


See Chapter XIX. 
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From this table it will be found that to deposit y<y in. of 
copper with a current density of 20 A. per square foot will 
require 89 hours, this assuming that the current is producing 
its full amount of metal. 


TABLE XIX 

Theoretical weights of metals deposited 



Gm. per 
Ah. 

Oz. per 

100 

Ah. 

Mils per hr. 
with 

CD = 100 

Jopper (ic) 

1-182 

4-16 

5-65 

„ (ous) . 

2-364 

8-32 

11-3 

Silver .... 

4024 

12-9 (troy) 

16-2 

Iron .... 

1-044 

3-68 

5-5 

Nickel .... 

1-090 

3-84 

534 

Cobalt .... 

1-098 

3-87 

5-5 

Lead .... 

3-86 

13-6 

14-8 

Cadmium 

2-09 

7-36 

10-4 

Tin (ous) 

2-21 

7-78 

14-0 

» (ic) .... 

1-00 

3-89 

7-0 

Zmc .... 

1-22 

4-3 

7-3 


The calculation is as follows*— 

Take the case of a current density of 10 A. per square foot 
in the copper sulphate solution. Consider 1 sq. ft. and a deposit 
of one hour. The deposit may be expressed in terms of the 
dimensions and also from the known weight calculated from 
the ampere hours. Now 1 cub. in. = 16-4 c.c. and the density 
of copper is 8-9. Let the thickness of the deposit be called 
t inch. 

Then weight of deposit is— 

(1) 12 y 12 x t x 16-4 x 8-9 - 21,020* gm. 

(2) x 1*182 = 11-82 gm. 

Then 21,020 X t - 11-82 

* - 11-82 -7- 21,020 
- 0-00056 in. 

-= 0-56 mil. 


This calculation can oe made in other ways, the resulting 
useful expressions being shown in Table XX. 
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TABLE XX 

Calculations on thickness of Deposits 


( 1 ) 

Thickness (in.) of metal deposited 
per hour with given C.D. 

Example 

Thickness of copper from acid bath 
per hour with 18 A per sq. ft. 


( 2 ) 

Time (hr.) to deposit t inches of 
metal with known C.D. 

Example 

Hours to deposit -001" Zinc at 
10 A per sq. ft. 

(3) 

C.D. required to deposit t 

inches of metal in given time 

Example 

C.D. required to deposit *00063 
inch silver in one hour 


C.D. x gm. per Ah. 

144 x 16*4 X Sp. Gr. of metal 

18 X 1*182 
144 x 16*4 x 8*93 

21*3 

21090 

•001* approx. 


144 x t x 16*4 x Sp. Gr. 


gm. 

per 

Ah. 

X C.D. 

144 X 

•001 

X 

16*4 X 6*9 


1*21 

X 

10 

1*35 hours 



144 X 

t X 

16*4 x Sp. Gr. 

gm. 

per 

Ah. 

X hours 


144 X -00063 x 16*4 x 10*6 
4*024 

15*5 

4-024 


= 3*86 A per sq, ft. 


Again, as the electrical work (in joules) done in a bath is 
the product of the volts, amperes and seconds (units of P.D. 
current and time), then the consumption of electrical energy 
in the acid copper bath, with a P.D. of 1*5 volts, per ton of 
copper is obtained as follows— 

(lb. per ton) (gm. per lb.) 

2240 X LU 

Ampere-hours per ton -=-— 860,000 

1*182 (gm. Cu per Ah. 
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Watt-hours per ton 

Kilowatt-hours per ton 
(units) 


2240 X 454 1-5 (volts) 

1-182 ’ ’ 

2240 X 454 X 1-5 

-- 1310 

1*182 X 1000 


This does not seem to be a large consumption of energy. 
It would be expensive at Id. per unit. Large scale deposition 
of copper, for example in electrolytic refining, is carried out 

1310 x *3 

with 0*3 volt. The energy consumption is therefore-—— == 

262 units, and this, at a farthing per unit, amounts to 65*5d., 
a surprisingly small amount. 

Current Efficiency. The term current efficiency denotes a 
matter of considerable importance in electrodeposition. In 
Table XVIII (p. 43) we have recorded the amounts of the 
several metals which should be deposited at the cathode or 
dissolved from the anode by 1 ampere-hour. From these 
figures others can easily be calculated. One important point 
about these figures must be noted. They represent quantities 
obtained only under the very best conditions of deposition. 
Generally speaking, they would only be obtained with com¬ 
paratively strong solutions with low current densities and with 
the electrolyte moving. Now these quantitative conditions are 
not always realized in practice. There is consequently a falling 
off in the amount of metal deposited per ampere-hour and 
also, in some cases, of that dissolved at the anodes. We thus 
get an idea of what is called the cathode efficiency , this being 
expressed thus— 

~ _ . wt. metal deposited x 100 

Cathode efficiency = -;— rrzn —-~r- 

wt. calculated from the ampere-hours 


This is a figure in many cases not far from 100, though in 
some cases, particularly the warm cyanide solutions, it may 
be much less. 

Similarly there is an anode efficioncy 


Anode efficiency — 


wt. dissolved from anode x 100 
wt. calculated from ampere-hours 


This is usually nearly 100. Occasionally it falls below 100 t 
while in other cases it may go above 100. In cyanide solu¬ 
tions, particularly, the anodes are apt to dissolve chemically 
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in addition to electrochemically, and thus»more metal dissolves 
from the anode than that calculated from the ampere-hours. 

Now the ideal condition would be that of 100 per cent 
efficiencies at both the anode and cathode. There would then 
be no secondary reactions at the electrodes, no gases evolved, 
and no change in the metal content of the solution. Seldom 
is this ideal condition realized. 

Failing this, the next best thing is for the anode and cathode 
efficiencies to be equal, even if helow 100. This, at least, would 
guarantee an unvarying metal content of the bath, a very 
desirable condition. If the cathode efficiency is greater than 
the anode efficiency the bath becomes poorer in metal On the 
other hand, if the anode efficiency is greater than the cathode 
efficiency the bath becomes enriched in metal. These are not 
the only changes, for with a change in the metal content there 
must also be changes in the content of other constituents 
which combine with or react with the additional metal entering 
or leaving the solution. 

Another convenient term is electrode efficiency which repre¬ 
sents the relative efficiencies at the anode and cathode so 
that 


Electrode efficiency = 


anode efficiency x 100 
cathode efficiency 


This may also be represented with the 100 omitted, and there¬ 
fore as a proportion and not as a percentage. The cadmium 
bath provides an example in which the electrode efficiency is 
more than 100 per cent, and to avoid the concentration of 
metal in the solution in this and other similar cases it is 
common practice to add inert anodes which take a proportion 
of the current without contributing any metal to the solution. 

The chromium bath is an outstanding example in which a 
chromium anode efficiency is always likely to be 100 while the 
cathode efficiency rarely exceeds 10 to 15 per cent. If we take 
the figure at 12J per cent, it means that eight times as much 
metal would dissolve from the anode as would be deposited 
at the cathode. The solution becomes syrupy owing to ex¬ 
cessive concentration of chromic acid, and this is one reason 
for the use of insoluble lead anodes in this example of metal 
deposition. 

Coulometers. There are occasions when the measurement 
of current used in electro-deposition needs to be somewhat 
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accurately made. Ordinarily the maintenance of a uniform 
current is a difficult matter and it is equally difficult to take 
note of all the variations as recorded on the ammeter and 
deduce from them anything like an accurate average. 

In such cases the current may be measured by “ passing it ” 
through an electrolytic cell in which the products of electro¬ 
lysis are quantitatively produced and accurately measured. 
For quantitative deposition the conditions must be such as 
ensure a cathode efficiency of 100 per cent while the products 
must be capable of accurate measurement. 

Such a cell is called a coulometer. The terms silver Goniometer 
and copper coulometer will be sufficiently expressive. Where 
silver is to be deposited it must be from the nitrate solution, 
usually with platinum electrodes. In the copper coulometer 
the ordinary acid sulphate solution is employed with the 
addition of about 50 gm. of alcohol per litre. In both cases 
current density must be kept within limits in order to ensure 
full cathode efficiency. 

Gas coulometers comprise electrodes in either an acid or 
alkaline electrolyte, the collected products being either the 
hydrogen evolved at the cathode, or, in some cases, the 
mixed gases from both electrodes. Alkali solutions with 
nickel electrodes are frequently employed for this purpose, 
as the reactions at the anode are more simple and are not 
beset with the production of other oxidized products which 
consume oxygen, this being the chief defect when some acid 
electrolytes are used. 

In any case the average current is computed from the 
quantity of product obtained and the time of deposition, 
1 ampere-hour of silver being 4*024 gm., and of copper 1*182 
gm. while a simple calculation shows that 1 ampere-minute 
produces 10*35 c.c. of mixed hydrogen and oxygen measured 
at normal temperature and pressure. 

This method of determining the average current over a run 
is employed to advantage in many examples of research work. 

Ampere-hour Meters. Tf the coulometer is of use in small 
scale deposition, as indeed it is, there would seem to be need 
for a similar instrument to measure ampere-hours on the 
larger scale of industrial work Such instruments are called 
ami)ere*hour meters. By them, the current is totted up with 
the time, so that at the end of any period there is recorded the 
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product of the amperes and hours. A more accurate measure 
of the average current used over the period is thus attained. 
Whatever changes take place during the operation of the 
bath they are usually proportional to the ampere-hours passed 
through. Such changes will include drag-out which is propor¬ 
tional to the square feet of work passed through, and this in 
turn with the current and time, changes of metal concentra¬ 
tion, acidity, carbonates, free cyanides and other possible 
variations. These changes can only be obtained in the first 
place by the periodic analysis of the solution, but soon it will 
be found that they are proportional to the ampere-hours 
passed through. Such a record will provide an automatic 
warning when necessary additions should be made to keep 
the bath up to constant strength. 

Another variable which is not always easy to trace by 
analysis is the addition agent (see page 129), and here again a 
record of the ampere-hours passed through will provide a 
guide for further additions without actually waiting for the 
deposit to deteriorate for want of this essential to good 
plating. 

Above all these considerations, however, is the accurate 
guide to the amount of metal deposited, but this necessitates 
an idea of the current efficiency of deposition at the normal 
current density in use. This again is a matter of experience, 
but the value of the instrument will be appreciated in the 
deposition of such metals as silver and gold, while many of 
the baser metals could with advantage be under control by 
the same method. 

Lastly, if a new process is being operated under the terms 
of a royalty, the ampere-hour meter will provide the best 
indicator as to the extent to which the process has been 
applied and for which the royalty is due. 

Current Density. The rate at which metals are deposited is 
all-important, and these rates vary considerably. In any case 
an excessive rate leads to the production of rough, powdery or 
“ burnt ” deposits. Some simple method of comparison is 
desirable'and even essential. The system adopted is usually 
the current (amperes) per unit area (sq. ft. or sq. dm.). This 
provides a simple method of indicating the current to be used. 
Thus a current of 10 A. on a surface of 4 sq. ft. means a current 
density of 21 A. per sq. ft. Now 1 sq. ft. - 9*2 sq. dm. and 
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the metric units are frequently used abroad. Hence a current 
of 18-4 A. on a surface of 2 sq. ft. represents a current density 
of 1 A. per sq. dm. 

Approximate computations of the area receiving a deposit 
are readily available for the regular though differing shapes. 

Thus the area of a square is found by squaring the length 
of its side. A square of 1 ft. side will therefore present a sur¬ 
face of 1 sq. ft. or 144 sq. in. on one face, this needing to be 
doubled if both faces are receiving the deposit. 

For a rectangle the area is the product of the length and 
breadth, both measurements being made in the same units. 
Thus a sheet 24 ft. by 1J ft. presents on both sides a surface 
of— 


2} x 1! x 2 -- 71 sq. ft. 

ird 1 

The area of a circle is given bv the expression nr 2 or , 

22 ^ 
where tt is approximately ~ or the circumference divided by 

the diameter. With these few simple rules many computations 
of area are possible, while more irregular shapes can bo 
mentally compared with the similar regular form and reason¬ 
ably accurate estimates made. 

A piece of wire, for example, is a. very elongated cylinder, 
the circular ends of which may be neglected. As an example, 
a yard of 16ft wire (0 064 in. diameter) offers a surface of— 

*>•> 

— / 0*064 x 30 7*2 sq. in. 

i 

Current density figures vary very considerably with the 
different metals, and even with the same metal under different 
conditions. Thus it may only be possible to deposit copper 
from a comparatively weak solution at the rate of 10 A. 
per sq. ft., while in a much stronger solution, which is kept 
in motion, this rate might be increased to 200 or even 300 A. 
per sq. ft. The different rates of deposition largely control 
the nature of the deposit and the special property required 
in the deposit will, therefore, have something to do with the 
permissible rate of deposition. 

It is often very desirable that rate's of deposition which 
have, in some cases, been found to be satisfactory should 
be capable of easy reproduction. If all work were flat and the 
surface, therefore, easily computable, this would prove a 
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simple matter. Usually, however, the work handled by the 
electro-plater is of very irregular shape and size. Any even 
approximate computation of the area is out of the question. 
The control of the current to realize some desired average 
value can then be obtained by the control of the P.D. across 
the bath terminals. This is explained in another paragraph. 

Current Density Meters. Some attempt, however, to get 
over the difficulty has been made in the introduction of current- 
density meters. These comprise some form of cathode, usually 
cylindrical, which, when immersed to a given mark, presents 
a definite surface. On them is mounted a small ammeter 
through which the current passes on its way to the hook 
supporting the meter on the cathode bar. Imagine this meter 
to present one-quarter of a sq. ft. in the solution and the 
current passing on to it is 1 A. The current density is there¬ 
fore 4 A. per sq. ft. The small ammeter is marked or cali¬ 
brated, so that instead of reading the actual current passing 
on to this cathode, in this case 1 A., it reads 4 A., so that 
this and similar readings represent the C.D. at once. The use 
of such an instrument necessitates its immersion to the same 
depth every time. 

It would appear more reasonable to use for this purpose a 
cathode comprising a fiat sheet rather than one which is 
cylindrical, as the former probably more nearly approximates 
to the nature of much work which is subject to electro¬ 
deposition. In any case there will always be some difficulty 
in reconciling the standard area of the meter cathode surface 
with that of the very variably shaped work which has to be 
plated. Again, even with flat work, experiments with a single 
flat cathode at once reveal the fact that the outer parts of a 
cathode surface receive thicker deposits than those nearer 
the centre, w T hile with cathodes comprising projecting and 
depressed areas this difference will be even more marked so 
that the projections may be receiving a matt deposit while the 
depressed parts remain bright. 

Another difficulty attaches to the use of the device. Its 
reading is the current density on this particular cathdde, and 
not necessarily that on even the adjacent piece of work of 
totally different shape and probably different distance from 
the anode. If used, these qualifications must be remembered. 

Again, where a variety of work is suspended from a single 
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cathode rod, the end pieces will usually receive the thicker 
deposit, and to avoid this it is a not uncommon practice to 
hang dummy cathodes in these end positions to take the 
excessive current and with it the usually rough deposit. 

It will be remembered, too, that, to use a common expres¬ 
sion, the current takes the shortest cut across the solution, that 
s, the path of least electrical resistance. Hence the outer 
portion of a small cathode receives the thicker deposit while 
with the use of a large cathode and small anode, “burning” 
may be made to take place in the centre of the cathode. 



Fig. 7. Similar Baths in Parallel 


A little thought will show that some discretion needs to be 
exercised in the disposition of the anodes and cathodes for the 
production of uniform deposits. An old-time rule stipulated a 
large anode surface. This contained a suggestion of truth 
when anodes were imperfectly soluble and increase in anode 
area reduced the anode current density and so increased anode 
efficiency. Nowadays, however, anodes are much more per¬ 
fectly soluble and this eliminates the need for excessive anode 
area. 

Correcting Current Density by P.D. In order to adjust 
approximately the C.D. on different and irregular articles 
which are not amenable to computation by measurement, the 
P.D. across the terminals of the bath may be used. Suppose 
a bath is giving the required deposit with a current of 10 A. 
per sq. ft. and the P.D. is 2 volts. (Generally speaking, as the 
area of the work increases so also must the current to maintain 
the same C.D. It will then be found that the P. D. is practically 
constant and a constant P.i). is an easier method of regulation 
of the current than any attempt to compute area and adjust 
the current to it. This rule of constant P.D. to maintain 
constant C.D. is, however, only an approximate one, true only 






ELECTROCHEMISTRY 53 

under certain ideal conditions not easily realized in ordinary 
plating baths. 

Consider the baths in Fig. 7. In A both anode and cathode 
are of the same dimensions. The resistance of the bath is 
due to the column of liquid between them. Another similar 
bath B is placed side by side and paralleled. The resistance 
of the two baths in parallel is one-half that of a single bath, 



Fig. 8. Correcting C.D. by P.D. 


and the same P.D. produces sufficient current for the doubled 
cathode surface. In Fig. 8, (7, a bath of the ordinary type, the 
anodes are already in parallel. With one cathode the current 
does not take the path of liquid between the cathode and that 
part of the anode immediately opposite to it. It extends to 
the whole of the anode and thus the resistance of this bath is 
less than that of A. For the same current, C takes a smaller 
P.D. than A. Putting in a further cathode D reduces the 
resistance to that of the paralleled baths A and B in Fig. 7, 
but this does not now exactly halve the resistance of the bath 
shown in C. To produce double the current for twice the 
area, therefore, necessitates raising the P.D. slightly above 
its original value. It thus becomes a general rule that when 
working with only a voltmeter, or even when an an meter is 
in circuit but the cathode areas are not easily computable, a 
slightly increased P.D. is required to maintain the same C.D. 
on increasing areas of work. This is a good workshop rule. 

Supplementary Anodes. Where very irregularly shaped 
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work is being undertaken and with it wide variations in the 
current density on the different areas, a more uniform dis¬ 
tribution of current is obtained by the use of small anodes so 
disposed that current has greater access to the more remote 
cathode areas. Such added anodes are called supplementary 
anodes. 

Shields. Ill some cases it becomes desirable to divert the 
current from very exposed portions of the cathode thereby 
distributing it more uniformly on the less prominent parts. 
This is effected bv interposing shields of some suitable non¬ 
conducting material which will withstand the action of the 
solution. Glass is obviously the most adaptable material for 
this purpose and this method of manipulation of the current 
finds some application. 

Bi-Polar Electrodes. Fig. 9 represents a copper sulphate 
bath arranged with a plate of copper (a), which is not metallic- 
ally connected with either the anode or cathode, but through 
which the current must pass either wholly or in part. The 
side facing the anode receives a deposit of copper, while the 
side facing the cathode functions as an anode. Such an 
electrode is called a bi-polar or secondary electrode.. The 
interposition of this secondary electrode makes practically no 
difference to the ammeter and voltmeter readings. Generally 
speaking, the plate does not vary in weight as metal is deposited 
as rapidly as it is dissolved away. These conditions arise in 
examples of electrodeposition, sometimes by design and at 
times by accident. By design, the system is 
+ a — med in the so-called “scries” system of 
suspending the plates in copper refining 
tanks. Accidentally, it may occur in the 
case of work which is not properly con¬ 
nected with the cathode rod. Portions of 
this work may pick up current from the 
anode and pass it on to adjacent parts of a 

-- properly connected cathode. This is a con- 

Fio. **. Bi polar dition which obviously should not arise. 

Eluctrodb Assume next that the interposed plate is 

of lead. It will receive a deposit of copper 
on the side facing the anode and, the other side being in¬ 
soluble, will become jieroxidized with the evolution of oxygen 
and the production of sulphuric acid in the solution. These 
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are results which can safely be anticipated. With a plate of 
lead, however, there will be a marked alteration of the 
ammeter and voltmeter readings as an appreciable E.M.F. will 
be required on the anode side of the secondary electrode in 
order to bring about the chemical change expressed in the 
relevant equation— 

CuS0 4 + H 2 0 = C u + H 2 S0 4 + 0 

This is a condition which frequently happens without design 
in work which is being plated in a lead-lined tank and which is 
badly arranged with respect to the lining of the tank. The con¬ 
dition is shown in Figs. 10 and 11, from which will be seen the 



Fin. 10. Lead Linas 
Bi-pol mi Electrode 


Fra. 11. Lead Lining as 
Bi-polah Electrode 


possibility of current leaving the anode and passing to an 
adjacent portion of the lead lining with deposition of metal, 
leaving it at a point adjacent to some part of the cathode, with 
a localized peroxidation of the lining. This condition usually 
arises from badly disposed work which is large, and in which 
case the current may find an easier passage through the good 
conducting lining of the vat than through an appreciable 
distance of a poorly conducting solution. Insulating linings of 
wood or glass serve to prevent this undesigned operation of the 
lining as a bi-polar electrode. 

Polarization. This term frequently arises in electrodeposi¬ 
tion. Briefly, it refers to the tendency of the products of 
electrolysis to revert to their original condition. A more 
detailed and scientific definition is possible, but this simple 
one will here suffice. As an example, the electrolysis of water 
sets free hydrogen and oxygen at, say, two platinum elec¬ 
trodes. These gases linger on the electrodes and having, as it 
were, been dragged away from each other are anxious to 

^ (L5M) 
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recombine. This tendency to revert to their original form of 
water is measurable as an E.M.F. in a direction opposite to 
that which disengaged them. 

In copper sulphate solution with copper electrodes this 
tendency does not exist, as there is no ultimate decomposition 
taking place. The copper which is deposited on the cathode 
is replaced by that dissolved from the anode. In a nickel 
solution, however, in which there may be imperfect solution 
of the anode, oxygen and sulphuric acid are formed at the 
anode and these with the nickel deposited on the cathode 
show a marked tendency to re-form nickel sulphate according 
to the following equation— 

Ni + 0 + H 2 S0 4 = NiS0 4 + H 2 0 

On taking off the current from such a bath there will still be 
a reading on the voltmeter which expresses this tendency 
to recombination. This type of polarization is known as 
chemical polarization arising from a change of chemical 
composition of the solution around the electrodes. 

In greater detail, imagine a copper sulphate bath with a 
copper anode and cathode. With varying currents the P.D.’s 
associated with each are noted. The copper anode is removed 
and replaced by one of lead of exactly the same area and 
distance from the cathode, and the P.D.’s to generate the same 
currents in the bath noted. Typical figures are shown in the 
accompanying Table (No. XXI). 

TABLE XXI 
POLAIUZATION 


Copper Anode Lead Anode 


E 

volts 

2 

amperes 

b -' : 

ohms 

E 

volts 

' ' | 

>unpen's ( 

E 

1 

E-e 

E-e 

=* R 

ohms. 

•8 

10 

•08 

2* 15 

i 10 i 

•215 

•9 

•09 

M5 

15 

I -070 

2-45 

: is 

•163 

, 1-2 

•08 

1*5 

20 

i -075 

2-8 

: 20 

•140 i 

1-55 

•077 

1-9 

25 

! 070 

3-25 

. 25 i 

•130 

20 

•08 

2-3 

30 

1 -077 

3-65 

30 ; 

•122 1 

2-4 

•08 

3*1 

40 

1 *077 

1 

4-35 

i 40 I 

1 1 

•109 

31 

•077 
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Several points are readily observed from this table. First, 
the P.D.’s with lead anodes are appreciably higher than those 
with the copper anode. Secondly, by calculating the resistance 
of the bath with a copper anode we get a tolerably uniform set 
of figures which, averaged, represent the resistance of the 
bath. Applying the same process with the lead anode figures, 
a constant value of the resistance is not obtained. These 
figures arc shown in the table. Next the figures may be made 
to reveal more of their meaning by plotting them as shown in 
Fig. 12. 



Fig. 12. Chemicat. Polarization 

It will then be observed that .the line connecting the points 
in the case of the lead anode cuts the P.D. line at 1*25 volts, 
meaning that with this voltage there is no appreciable current. 
This is hardly true’in practice, there being slight deviations 
of which note cannot be taken at this stage. This definite 
voltage is what is called polarization. It represents the part 
of the P.D. d( composing the copper sulphate, depositing copper 
on the cathode, producing sulphuric acid and giving off oxygen 
at the anode according to the chemical equation 

CuS0 4 + H 2 0 = Cu | O f- I1 2 S0 4 

This reaction does not occur with the copper anode, copper 
dissolving at the anode at the same rate as that deposited 
at the cathode, thus maintaining the metal content of the 
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solution. If we deduct this polarization (e) from the total volt¬ 
age with the lead anode the volts remaining now give, with the 
current, a uniform set of figures for the resistance of the 
solution and these agree with those with the copper anode. 
Polarization is thus a state of the electrodes which sets up a 
P.D. in the reverse direction to the main P.D. In other words, 
polarization is the tendency of the products of electrolysis to 
revert to their original condition. The main P.D* has, there¬ 
fore, to overcome this polarization P.D. before it can generate 
any current. If the main P.D. is withdrawn the polarization 
becomes obvious, and the bath may be 
used as an accumulator, except that its 
capacity is small. The lead accumula¬ 
tor is a more perfect piece of apparatus 
to utilize the same principle. 

Now lead as an anode in the copper 
bath is quite insoluble. Such insoluble 
anodes are, however, sometimes used, 
as for example in copper-depositing 
processes in which the aim is to extract 
the copper from the solution without 
putting more in. Further, the chromium 
bath is another illustration. At one 
time, nickel baths showed the effect 
very obviously, though more recently 
with the better types of anodes now available this polariza¬ 
tion is less noticeable. It was this P.D. of polarization which 
was responsible for the reversal of the polarity of dynamos 
which were in use and not correctly designed to avoid this 
trouble. In practically all plating solutions in which soluble 
anodes are used, this polarization should not be present 
appreciably. If it is, it is usually dije to anodes not dis¬ 
solving correctly, and the trouble should be located and 
attended to. There is, however, another type of polarization 
which is usually not so pronounced. 

Take the case of a copper bath with copper electrodes. 
The migration of the copper ions is relatively slow. There is, 
therefore, a concentration of copper sulphate in the anolyte 
and a diminution of strength around the cathode. There is a 
definite tendency for these to equalize by the solution of 
copper from the cathode to strengthen up the catholyte, and 



Fig. 13 . Concentra¬ 
tion POLAKIZATION 
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at the same time the deposition of copper on the anode to 
reduce the concentration there. These effects are small, but 
nevertheless there. They may readily be illustrated in a simple 
experiment in which a copper rod stands in a cell containing 
layers of strong copper sulphate solution and a weaker 
solution above. This is depicted in Fig. 13. The matter 
is emphasized by the substitution of weak sulphuric acid 
in place of the weak copper sulphate. After a time, the rod is 
removed and is observed to have received a deposit from the 
stronger solution and to have dissolved anodically from the 
upper portion. While this theoretically should go on until the 
two layers attain the same concentration, this would take a long 
time. This type of effect is called concentration polarization . 
It is present in every plating solution, but does not appreciably 
influence the plating process. 

When deep work hangs in a stationary solution there is a 
tendency to stratification of the solution with thickening of 
the deposit in the lower parts of the work. This is, in part, 
due to concentration polarization. The defect is readily 
remedied by stirring or agitation. 

Electrochemical Series. An even rapid survey of the metals 
considerably used in industry at once shows that they possess 
very different degrees of corrodibility. Some metals are very 
active. They dissolve quickly in acids and are far from per¬ 
manent in air. Others are moderately stable in air and these 
are relatively slow in their action with acids. The active 
metals are necessarily difficult to extract from their naturally 
occurring compounds. A large consumption of energy is 
involved in separating them from the elements with which 
they are combined. Magnesium, aluminium, and sodium, 
and to a smaller degree, zinc, exhibit this chemical activity. 
Gold, platinum, and to a lesser degree silver, are relatively 
permanent in acid atmospheres. They not infrequently occur 
in nature in the free form. 

The term “noble” in Chemistry implies a permanence 
under corrosive conditions rather than mere price. 

From such a general survey of the chemical properties of 
the metals, reinforced by quantitative data where this im¬ 
possible, it becomes easy to arrange the metals in an order 
in which these properties are relatively expressed. Such an 
approximate order is given in Table XX II. 
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TABLE XXII 
Electro-chemical Series 


Sodium 

Nickel 

Antimony 

Magnesium 

Tin 

Silver 

Aluminium 

Lead 

Platinum 

Zinc 

Copper 

Gold 

Iron 

Arsenic 



The active and inactive ends of this series will be 
quickly recognized. The earlier mentioned and active metals 
are, in the nomenclature of electrochemistry, said to be 
electro-negative , while those at the opposite end of the series 
and which are relatively stable in air are electro-positive . 
These terms, which constitute a reversal of the earlier method 
of indication, derive their origin from the fact that metals 
like sodium, aluminium, and zinc readily pass into solution 
either in water or acid. They then form cathions with a 
positive charge, leaving the plate from which they have been 
formed electro-negatively charged. On the other hand, 
solutions of copper, silver, and other electro-positive metals 
readily give up their cathions, charging the plate upon which 
they form, clectro-positively. 

In any case the list is only approximate in its order. For 
example, tin, which is more stable in acid solutions than is 
iron, becomes very much more active in alkali solutions than 
iron, while some metals which ordinarily tend to come out 
from the ionic form to the metallic form are very much slower 
or even opposite in their behaviour in contact with cyanide 
solutions. 

Nevertheless, the list is very useful in giving some indica¬ 
tion of the probable behaviour of the metal under corrosive 
conditions. 

An example is that of the displacement of a metal from a 
solution of its salts by other metals. This is commonly called 
simple immersion. Approximate results arc given in Table 
XXIII. 

Electro Pdeotentials. This subject can, however, be treated 
a little more exactly from another and more important point 
of view. We have come to recognize that when a metal 
dissolves in an acid for example, forming a soluble ionized 
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TABLE XXIII 
Slmple Immersion 


Zinc sulpliato 
Lead acetate . 

Stannous chloride . 

Sliver potassium cyanide 
Copper sulphate 
Silver potassium cyanide 
Mercuric nitrate 
Silver nitrate 
Platinum chloride 
Gold chloride 


> Zn 

i 

Pb 

Cu 

Fo 

Ni 

Sn 

Hg 

n 

n 

n 

n 

n 

n 

n 

(1 

n 

n 

n 

n 

n 
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(1 

(1 
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(1 

(1 

d 

d 

d 

d 

d 

(1 

d 

<1 

d 

d 

d 

d 


d = deposition n = no deposition 


salt, the metal has, in fact, passed from the solid to the ionic 
state in much the same way as a solid with a characteristic 
odour is recognized, because some of it evaporates into the air 
without passing through an intermediate liquid form. Those 
metals which dissolve readily are those whose salts ionize 
readily. This tendency of the metal to form ions is denoted 
by the term “electrolytic solution pressure.” This, in the case 
of zinc in the Daniell cell, finds expression in its contribution 
towards the E.M.F. of the cell. Other metals have a much 
smaller electrolytic solution pressure, so slight that they are 
unable to effect the production of more metal ions in a solution 
already containing them. On the other hand, there may be, 
and indeed often is, a tendency of the ions to fall out from the 
solution into the metallic form. This happens to be the case 
with the copper ions from a copper sulphate solution, and 
this process makes its contribution towards the recognized 
E.M.F. of 1*09 volts of the Daniell cell. 

Thus the action in the Daniell cell may be represented as— 

Zn + CuSO , = ZnS0 4 + Cu 


Written ionically this becomes— 

Zn + CiT* |- SO, “ = Zn’* |- S0 4 "~ \- Ou 

metal v - —* -' v --v- ' met.il 

ions 


ions 
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Or it may be expressed still more simply— 

Zn -> Zn” = *48 volt 

metal ions 

Oil” —> Cu = -61 volt 

ions metal 

Each of these two processes provides its quota towards the 
ultimate E.M.F. of the cell. These contributions were origin¬ 
ally determined to have the values above assigned to them 
and thus was deduced the surprising, but by no means 
impossible, idea that the larger share of the 1*09 volt came 
from the copper end of the cell and not from the zinc. 

The methods of this determination need not be entered 
upon here. They are to be found in treatises on the more 
theoretical side of the subject. We are now concerned with 
their application in the electro-depositing process. 

What was done for zinc and copper was also possible and 
done for all other metals and their solutions. For each of 
these metals there is what we will continue to call an electro¬ 
lytic solution pressure, while in the respective solutions there 
will be a pressure of the metal ions present and this can simply 
be called the ionic pressure or metal ion pressure. If the 
electrolytic solution pressure exceeds the ionic pressure the 
metal tends to pass into solution as ions, while on the other 
hand if the ionic pressure exceeds the electrolytic, solution 
pressure ions tend to pass back into the metallic form. 

These processes provide the origin of the differences of 
potential which occur when metals stand in solutions of their 
salts. These P.D.’s are determinable both in magnitude and 
direction. The following values were originally assigned to 
them— 

Zinc — *48 v. Nickel + *00 v. Hydrogen -f *28 v. 

Tron — *15 ,, Tin + 14 ,, Copper -(- *61 ,, 

Cadmium — *12 ,, Lead -f 15 ,, Mercury ~\- 1*17 ,, 

The interpretation of these values is as follows— 

The negative sign attached to zinc and similar metals means 
that these metals readily ionize, and, producing positive ions 
in the solution, become themselves negatively charged. The 
positive sign as in the case of copper means that positive metal 
ions more readily pass from the solution on to the metal, 
delivering their positive charge to the metal plate. The figures 
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originally attached to these metals were different from those 
now given. They were determined by a direct method of, 
however, a not altogether satisfactory type. It was later 
regarded as much more satisfactory to transfer these values 
to a new scale which had all the advantages of experimental 
accuracy but of a comparative nature only. On the old scale 
the value for hydrogen was + -28 volt, while that of copper 
was + *61 volt and that of zinc — *48 volt. These figures had 
an absolute value. On the new or hydrogen scale the hydrogen 
value is taken as zero. The copper value thus becomes + -61 

— (+ *28) = + '33 volt, while that of zinc becomes — *48 

— (+ *28) = — *76 volt. Originally the values were for metals 
standing in normal solutions of their salts regardless of their 
degree of dissociation and therefore ionic strength of the 
solution. On the hydrogen scale, the more recently determined 
values refer to metals standing in solutions of normal metal 
ionic strength. More detail of these figures and their meaning 
can be obtained from other works. Their simple application 
to electrodeposition can, however, be indicated. The generally 
accepted values of these electrode potentials are as follows— 


Magnesium 

TABLE XXIV 

El.KCTROl) K POTKNTJ A LS 

. Mg Mg- . 

- l f>f> 

Aluminium 

. A1 

— Al- . 

- 1*34 

Zinc 

. Zn 

Z 11 - 

0-76 

Iron 

. Fo 

- ^ Fe- 

- 0*43 

Cadmium . 

. Cd 

Cd- . 

- 0-40 

Nickel 

. Ni 

-> Ni- 

- 0-22 

Tin 

. Sn 

— S 11 - 

014 

Lead 

. Vb 

^ Pb- . 

- 013 

Hydrogen 

Copper 

. H 

^H. 

000 

,. Cu 

—> Cu.. 

+ 0-33 

Mercury . 

Hg 

-* Hg. . 

+ 0-79 

Silver 

. Ag 

Ag. . 

+ 0*80 

Gold. 

Au 

—> An. 

+ 1-5 


This order of metals provides a more exact expression of 
the electro-chemical series than that afforded by a general 
survey of the chemical properties of the metals. 

The Daniell cell provides a convenient starting point. In it 
zinc forms positive ions which migrate towards the copper 
plate. A P.l). of — 0*76 volt is developed. Copper ions migrate 
towards the copper plate and are there deposited, yielding a 
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further 0*33 volt. These are the respective contributions of 
these processes towards the recognized value of 0*76 + 0*33 
= 1*09 volts of this cell. Similarly in a zinc plating solution 
of the sulphate type, the production of zinc ions at the .anode 
is attended by the production of approximately 0*76 volt at 
the anode. The similar deposition of zinc ions at the cathode 
necessitates the consumption of 0*76 volt. These two P.D.’s 
balance one another when anode and cathode efficiencies are 
ideal or 100 per cent. Usually they vary slightly but with no 
very great difference. Nevertheless, the usual voltmeter 
reading takes into account both of the so-called “electrode 
potentials’* together with the fall of potential due to the 
ohmic resistance of the bath, a somewhat complex result as 
has been previously indicated (see p. 57). 

With the copper sulphate solution somewhat different 
conditions are met. Here anode solution involves the con¬ 
sumption—not the generation—of something of the order 
of 0*33 volt, while the deposition at the cathode involves 
the production of a like difference of potential. Under 
ideal conditions these electrode potentials are equal and 
opposite and the voltmeter then records the fall of potential 
due to the resistance. Only under these ideal conditions 
can we obtain even an approximate idea of the resistance 
of an electrolyte by the use of direct current (see page 36). 

Nothing further than this ver^ bare outline of the concep¬ 
tion of the origin of potential differences between metals 
and their solutions in which they are partly immersed can be 
ventured upon here. It must suffice to say that a more thorough 
treatment can be found in the more theoretical treatises, and 
that the applications in electrodeposition are far-reaching, 
throwing considerable light on these problems. 

Potential Diagrams. This information is more strikingly 
represented in the diagrams of Fig. 14 in which (a) represents 
the potential changes in the Daniell cell; (b) shows the 
electrode potential changes in a zinc sulphate solution; # and 
(c) indicates those occurring in the usual acid copper 
sulphate solution. 

In each case only a very small current is assumed to be 
flowing so that the fall of potential due to ohmic resistance is 
slight. This is shown by the almost horizontal line. 
Overvoltage. This is a further idea upon which a few words 
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of explanation may prove helpful. It may not appear at first 
that the variation of the metal which constitutes the cathode 
in a depositing process will seriously influence the deposition 

(a) ( b) (c) 


Cu Zn~ CM- Cu— 

•33 yp 


76 V 


• 76V 

76V 

~*V33v 

■33v r~* 


_> 
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Fjo. 14. Potential Diagrams 


of the- metal, except, of course, in those cases in which the 
metal is more electro-negative than that to be deposited and in 
which cases deposition takes place by “simple immersion.” 
It was, however, found that a higher E.M.F. was required to 
maintain the deposition of hydrogen on a cathode of smooth 
platinum than on one of platinized platinum. The substitu¬ 
tion of other cathodes revealed larger differences. For example, 
it requires 0-78 volt more to deposit hydrogen against a mercury 
cathode than against one of platinized platinum. This addi¬ 
tional or excess voltage is called “overvoltage,” and has 
important applications in many cases of electrodeposition. 
The following table shows the overvoltages required by the 
various cathode metals for the maintenance of hydrogen 
deposition— 

TABLK XXV 
Hydrogen Overvoltage 


Platinized platinum 

. 00 volt 

Copper 


. *23 volt 

Gold . 

. 02 „ 

Cadmium 


. -48 „ 

Polished platinum 

. 00 „ 

Tin . 


. -f>3 ,, 

Silver . 

. -i r> „ 

Lead . 


. *64 „ 

Nickel . 

. -21 „ 

Zinc 


. *70 „ 



Mercury 


. -78 


These figures are only to be used approximately as they are 
variable according to such conditions of deposition as current 
density and temperature. 
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Of lesser importance to the electro-depositor is a similar 
phenomenon with oxygen deposition but of some interest is 
the occurrence of overvoltage in connexion with metal 
deposition. This is a matter upon which there is at present 
little data available. 

Applications of Electrochemical Sferies. Some applications 
of the principle involved in the electro-chemical series may be 
briefly referred to. The negative or active metals are usually 
plated with the more positive metals in order to give them a 
greater degree of permanence. Iron and steel, so largely 
used in industry, are usually coated with either zinc or tin 
in numerous applications. A note of importance here arises. 
The permanence of metals is not dependent entirely upon 


Fig. 15. Zinc Protecting Iron Fig. 16. Tin Corroding Iron 

their chemical characteristics. It is to some extent dependent 
upon the properties of the compounds formed by exposure 
to corrosive conditions. In the order in the list we might 
anticipate more rapid corrosion of the zinc coating of '‘galvan¬ 
ized” iron or steel than of the base metal itself. By exposure, 
however, zinc forms in a relatively dry atmosphere a thin 
film of oxide, which is adherent and protective. Aluminium 
does the same and this thin protective film accounts for the 
relative permanence of metals which from their chemical 
properties might be expected to be readily attacked by a 
corrosive atmosphere. In an acid atmosphere containing, 
say, sulphuric acid, a common impurity in an industrial 
atmosphere arising from the burning of coals containing an 
appreciable quantity of sulphur, zinc forms a basic sulphate, 
which again is insoluble and therefore forms a protective 
layer. 

Still further, when by abrasion the iron of the galvanized 
metal becomes exposed, the electrochemical difference between 
the two metals is such that the zinc corrodes away in prefer¬ 
ence to the iron. This is sacrificial corrosion, shown in Fig. 15. 

Again, with tinned iron, while the tin coating is con¬ 
tinuous the tin is very little attacked by the air and the 
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product remains bright. With exposure of the iron this base 
metal rusts badly, encouraged as it is by the electrochemical 
difference which is responsible for small currents set up 
between the two metals from the iron through the corrosion 
medium to the tin, thus corroding and rusting the iron rather 
more rapidly in the presence of tin than in its absence. This 
is shown in Fig. 16. Similar . 1 . 

V _/*&. J: 


effects are 
copper on 


observed with 
iron—an un - 
desirable combination; 
while nickel on iron or 
steel would act more like 
zinc and thus provide a 
beneficial combination. 

Yet again, the electro¬ 
negative metals readily 
deposit by simple immer¬ 
sion the electro-positive 


•4- 4- -f- 


Fi«. 17. Flow of Electricity in 
Electrolyte 


metals from solutions of their salts, for which reason, therefore, 
iron and zinc cannot be successfully copper plated from the 
sulphate solution, even apart from the presence of free acid, 
this necessitating recourse to the much more stable cyanide 
solution. 


Production and Discharge of Ions. A few words relative 
to the processes of extracting metals from their ionic form 
and replacing them by new ions formed at the anode will here 
be appropriate. At the cathode end of the story we shall 
consider that the metallic and similar ions, having migrated 
there under the influence of the applied P.D., lose their 
positive charge—by which is meant that they pick up an 
electron for each valency—and are then either deposited in 
the case of some, though not all metals—for example alumin¬ 
ium—or suffer some further secondary change affecting the 
chemical composition of the catholyte. 

Taking the simple case of the deposition of the metal, these 
ions having been discharged are now in the form of atoms 
which, by controlled deposition, pile themselves together in a 
form which constitutes the deposit. In this process of dis¬ 
charge of the ion some metals absorb energy, while others 
develop energy. There are, therefore, potential differences 
set up between the film of electrolyte and the cathode, of 
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which in ordinary electro-plating measurements we have little 
indication. 

Again, at the anode, which will be assumed to be passing 
into solution efficiently, metal is, as it were, evaporating into 
the form of ions in the electrolyte. In doing so the metal atom 
loses an electron for each valency, these negative charges 
passing away fi-om the anode into the “ outer ” circuit while 
the ions assume a positive charge. Again, there are energy 
changes and differences of potential. This more modern con¬ 
ception is illustrated in contrast with the older view of current 
m Fig. 17. 

With ideal anode and cathode efficiencies these potential 
differences arc of equal value and opposite character. They 
therefore balance each other, and the reading on the volt¬ 
meter is that of the loss of potential as the current “ passes ” 
through the solution. If anode and cathode efficiencies are 
not equal—and this happens, for example, in every case in 
which, as is frequent, the anode is not dissolving as rapidly 
as metal is being deposited—then the voltmeter reading in¬ 
cludes not only the potential fall through the solution but 
also these electrode potential differences, which are known as 
the anode potential and cathode potential. 

The voltmeter reading, therefore, is quite frequently the 
total of three values, the two electrode potentials and also 
the fall of potential across the solution. Where anode and 
cathode efficiencies are high, and more especially when the 
anode value is nearly 100 per cent, the voltmeter reading 
gives a good indication of the resistance of the solution. When 
the anode efficiency, particularly, is less than 100 per cent, 
chemical changes take place which lead to the absorption 
of energy, this being recorded by a substantially increased 
voltmeter reading. 

Voltmeter readings therefore, wliiie indicative of the con¬ 
ditions of operation, need to be interpreted with care. 



CHAPTER IV 


PRINCIPLES OF CHEMICAL ANALYSIS OF 
ELECTRO-DEPOSITING SOLUTIONS 

Introduction —Types of chemical analysis—Gravimetric analysis— 
Volumetric analysis—Colorimetric methods—Gravimetric methods 
—Electrolytic analysis—Volumetric methods—Standard solutions 

Introduction. With the increase in the application of scien¬ 
tific methods to the processes of electrodeposition, there 
comes the need for greater control in the composition of the 
solutions used. To-day it is recognized that every con¬ 
stituent of a solution should justify its presence by some 
definite function, and that this purpose should be assured by 
the presence of the required substance in the right amount. 
This usually necessitates chemical analysis. In fact, while the 
so-called addition agents are in many cases regarded as 
desirable, there is some tendency to omit them on account of 
the difficulty of quantitatively estimating them, it being felt 
that such materials should not be present unless they can be 
controlled by chemical or other types of analysis. 

It is, however, not suggested that chemical analysis pro¬ 
vides the only method of control of the composition of 
depositing solutions. In cases in which there is a single con¬ 
stituent, the determination of the density may go far towards 
general control, but there are few such examples in modern 
electro-plating. In other cases it may be possible that a quick 
determination of the resistance of the solution will afford a 
clue to the working conditions. Such a method is not without 
possibilities in the case of the chromium solution, an effective 
chemical analysis of which is not altogether a simple matter. 
For the greater part, hov. ever, chemical analysis will be 
necessary. 

Types of Chemical Analysis. Such analyses can usually be 
run on several different lines each with its special appeal and 
also limitations. In adapting these methods to workshop 
requirements a number of conditions have to be met which 
do not arise in the analytical laboratory. These concern the 
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apparatus available. The simpler this is, the better the chance 
of its installation in the workshop. Further, there is the time 
involved in the analysis. Again, the quicker this can be 
effected, the better, while still further, accuracy must claim 
attention. Among the various types of analysis are those 
known as Gravimetric and Volumetric analysis. 

Gravimetric Analysis. Very simply it may be stated that 
these are the more accurate but involve longer time. They 
involve the conversion of the constituent to be determined into 
some known substance of definite composition, which is ob¬ 
tained in a perfectly pure form and weighed. They are not the 
methods of the greatest use in the workshop, but some of the 
workshop problems need to be referred to the laboratory in 
which these gravimetric methods can be more accurately 
carried out. 

Volumetric Analysis. In this type of analysis, most of the 
measurements are made with definite volumes of solutions 
known as standard solutions. They are as a rule quickly car¬ 
ried out, but lack the accuracy of the gravimetric methods. 
This, however, is not always of vital importance. The 
analytical chemist may occasionally be concerned with a 
result to the fourth significant figure. Quite commonly, he will 
be concerned with the third, so that, for example, he may want 
to know whether the result is 5-41 or 5-42. This order of 
accuracy is almost never required in the general analysis of 
plating solutions. Assume for a moment that it is required to 
maintain the silver content of a plating solution of 2*5 oz. 
per gallon. Without specifying exactly the permissible varia¬ 
tion from this figure for the production of equally good de¬ 
posits, it will be at once appreciated that a wider variation 
is allowable in this analysis than would ordinarily appertain to 
general chemical analysis. A similar remark might be made not 
only to the amount of free cyanide but to a number of other 
constituents. There are, however, examples in which a greater 
degree of accuracy would be necessary. 

For the general control of plating solutions, volumetric 
methods are of wide application. Applied only in the roughest 
manner, they would have obviated a plater from attempting 
to deposit silver from a solution which contained no more 
metal than would just whiten the work, and the copper- 
depositor from wondering at his solution being slow and 
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showing tendency to overheating when it contained no free acid, 
or the chromium-plater from being concerned at the resistance 
of his bath in spite of its high hydrometer reading when 
actually it contained no free chromic acid owing to the accumu¬ 
lation of trivalent chromium and iron. These are examples 
taken from experience and generally concern the type of 
analysis which requires to be frequently undertaken in order 
to maintain baths in working order. A greater degree of 
accuracy would of course be required where a large quantity 
of silver-containing materials is being disposed of for the 
recovery of the precious metal, if such term can be used in view 
of the ruling low price. 

Colorimetric Methods. There are then methods of analysis 
which are based on a system of matching colours of solutions 
of the compounds concerned with those of standard solutions 
of known strength. They have their limited degree of applica¬ 
tion, much depending on the permanence of the standard 
colours and also the interference of other substances which 
may be present in the solution. The usual pH determination 
can be regarded as some example of this type of analysis. 

Gravimetric Methods. This type of method obviously 
refers to the application of methods of weighing as the medium 
of measurement. Generally the term ought to cover all 
methods employing either direct or indirect weighing as an 
important operation in the analysis. For the present pur¬ 
pose, however, we can delete such methods as those of the 
hydrometer. Concerning the methods which involve some 
chemical manipulation we recognize a general principle. Here, 
for example, is a nickel-plating solution of which the content 
of the nickel salt is required. Now it is obviously impossible 
to extract the salt and weigh it. It is equally impossible to 
extract most of the constituents of plating solutions in a 
weighable form. 

An alternative route is possible. Take the case of a silver- 
plating solution. It contains the double cyanide of silver and 
possibly potassium, together with free cyanide and carbonates. 
Now it is possible to convert this soluble silver compound into 
one which is completely insoluble, the chloride for example. 
This solid is then separable from substances in solution by 
filtration, and by washing, the last traces of soluble salts are 
removed. Tf now the chloride and paper are thoroughly 
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dried, they can be weighed and, deducting the weight of the 
paper, the weight of silver chloride is thus obtained. Of silver 
chloride we know the exact composition and thus we can 
readily calculate the silver obtained in the form of chloride 
from a given volume of the silver-plating solution. The only 
or chief difficulty in this case is the complete drying of the 
chloride without the risk of decomposition, but it can be got 
over by manipulative methods which are best explained in 
individual examples as they arise. This is only a bare outline of 
the sequence of operations through which gravimetric analysis 
is conducted. It is clear that there is more chemical work than 
in volumetric methods. Gravimetric methods are capable of 
great accuracy and are of considerable refinement when the 
circumstances warrant excessive care. 

Electrolytic Analysis. There is, however, one special phase 
of gravimetric analysis which should make an instant appeal 
to the electro-chemist. This concerns the possibility and 
practicability of actually plating out the whole of the metal 
from the solution on to a suitable weighed cathode without 
recourse to the more tedious methods usually associated with 
gravimetric analysis. Such procedure is known as electrolytic 
analysis. It has some application in industrial work but its 
applicability to the analysis of plating solutions is limited. 
One or two points may here be briefly referred to. 

This example of electrodeposition involves the use of a 
solution with gradually decreasing metal content; in fact, 
toward the end of the operation the metal content is reduced 
to nearly zero. The production of a weighable deposit might 
then become a problem. Ordinarily, these deposits would 
become powdery and useless from a commercial point of view. 
By selecting the material of the cathode and by the addition of 
other materials to the solution, these deposits can be procured 
in a weighable form and the procedure provides a welcome 
method of analysis. Unfortunately the metal most used for 
this purpose is platinum, which is costly, but there are pos¬ 
sibilities of substituting other and cheaper metals* in certain 
cases. The charm of the process is that, once started, the 
deposition proceeds with very little attention almost to com¬ 
pletion, there being the occasion for some testing towards the 
end of the process. Finally, the solution is removed, the deposit 
washed, dried, and weighed. 
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Volumetric Methods. A brief outline of the methods of 
volumetric analysis involve a discussion of (1) the appa¬ 
ratus commonly used and (2) the types of solutions used as 
standards. 

Volumetric Apparatus. Types of apparatus in general 
use include— 

(a) Measuring flasks (Fig. 18) which are usually made to 
contain 1 litre, 500 c.c., 250 c.c. or other definite volumes and 
are provided with a long narrow neck with a ground stopper. 



Fig. 18. Measuring Feask Fig. 19. Graduated Cylinders 

On the neck is a circular mark which indicates the level of the 
volume of the liquid specified on the flask. These flasks are 
made to contain the specified volume, not to deliver it. When 
the latter condition is also required, a higher level on the neck 
of the flask will be found to which liquid must reach if, on 
pouring out, the specified volume of liquid is to be delivered. 
This, however, is unusual. Measuring flasks are of chief use 
in making up definite volumes of solutions. 

(6) Graduated cylinders (Fig. 19) are used for a similar 
purpose except that whereas flasks have only one or at the most 
two marks and refer only to one or two volumes of liquid, 
cylinders are graduated throughout their length so that they 
are capable of indicating many definite volumes. Against this 
convenience, however, must be set the fact that the markings 
on a wide cylinder cannot be used so accurately as those on the 
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comparatively narrow neck of the flask. From these gradu¬ 
ated cylinders volumes may be poured with approximation. 

(c) Pipettes. For transferring liquids in definite volumes 
from one vessel to another, pipettes are commonly used. 
Their form is indicated in Fig. 20, the upper narrow portion 
carrying the mark representing the' volume of liquid which is 


25 

cc 

V 




Fig. 20. Pipettk Fig. 21. Huketke Fig. 22. Meniscus 

delivered. Common capacities are 5 c.c., 10 c.c., 25 c.c. and 
50 c.c. although any other volume can be similarly dealt with. 
Thus a 25 c.c. pipette holds up to the mark rather more than 
25 c.c. but delivers accurately this volume. In use, the liquid 
is drawn into the pipette to a point above the mark and held 
there by the quick application of the finger or thumb. A little 
experience is of more value than any amount of description. 
The finger or thumb is then released allowing the liquid to fall to 
the exact level of the mark, after which the liquid is allowed 
to fall into the vessel into which it is to be transferred. Before 
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drawing up the volume of liquid into the pipette it will be 
obvious that a small quantity, preferably two small amounts, 
should first be drawn into the pipette to rinse it, these small 
quantities being scrapped. Otherwise drawing a hquid into a 
wet pipette will lead to its dilution by the water contained in 
the pipette. The pipette has but one mark and delivers one 
volume of liquid. 

(d) Burettes, which are depicted in Fig. 21, serve the purpose 
of delivering any small volume of liquid up to the capacity of 
the burette. They comprise accurately graduated tubes 
fitted with stopcocks. The graduations usually read down¬ 
wards, the markings representing small but definite volumes, 
usually tenths of a cubic centimetre. Before use, they are 
rinsed with the liquid which is to be introduced into them and 
then filled above the zero mark. The excess is then run out to 
zero, this process serving to ensure that the bottom of the 
burette below the graduations is filled with the liquid as it 
obviously will be after any other volume has been run out. 

There is, or should be, no difficulty in reading the level of 
the liquid in the burette. The surface is deeply curved, the 
most conspicuous feature of the surface being the lower part of 
the “meniscus.” This is shown in Fig. 22. A piece of white 
paper may be supported on the burette to provide a back¬ 
ground against which the reading is more easily taken, and 
readings to 0 05 c.c. or 0-02 c.c. or even 0 01 c.c. may be taken 
with a little experience. 

Illustrative of the application of these pieces of apparatus, 
assume that 5 gm. of silver nitrate are dissolved in distilled 
water in a litre flask the solution being diluted in the flask up 
to the mark representing 1000 c.c. After the preparation of 
any solution in this manner, shaking is essential to ensure 
uniformity of the strength of the solution. Otherwise some 
parts will be stronger than others mid for the purposes of 
measurement this is equivalent to a ruler with “inches” of 
different length. Every 25 c.c. of this solution withdrawn by 


means of a pipette brings out 


25x5 mo* 

toot = 0-125 gm - a 


quicker 


operation than weighing such an amount time after time. 

12*2 x 5 

Again if run from a burette, 12*2 c.c. would represent — ^ 0 00 
— 0*061 gm. of silver nitrate. Small and accurately 
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measured quantities of the dissolved substance can thus be 
taken from a large bulk of solution, the preparation of which 
has involved only one weighing of the salt. 

Burettes are usually made from tubes carefully chosen for 
their correct diameter and uniform bore. These factors can 
never be taken beyond any shadow of doubt. Graduation is 
effected by machine ruling and it is not unusual to find that 
successive ten cubic centimetres differ slightly from each 
other. These variations would not be sufficiently large to 
seriously affect the type of analyses with which we are con¬ 
cerned. For more accurate work, however, it becomes neces¬ 
sary to check these volumes by weighing successive “equal” 
volumes of water and allowing for the density of the water 
at the temperature of the experiment. Without going to this 
extreme, it is possible markedly to limit possible errors in a 
burette by always using the same, usually the top, portion 
of the scale so that the successive readings are measured from 
zero. If any error is involved, it more or less cancels out with 
successive readings, or at the worst, gives a small but constant 
error which may be permissible. 

Standard Solutions 

These are solutions of known and usually definite chemical 
strengths used in volumetric analysis. They are what might be 
called chemical “rulers.” It is, however, sometimes possible 
to compare the strengths of two solutions with the use of 
what is commonly calfcd a standard solution in much the same 
way as it is possible to compare two lengths by reference to a 
“bit of wood” of which the length is not exactly known. In 
linear measurements we more often use a piece of wood of 
standard length. In volumetric work we use solutions of 
definite and known strength. These are our standard solutions. 

Some simple basis of solution strength is obviously necessary 
and this finds its origin in the chemical equivalents which are 
at the bottom of all quantitative work-in Chemistry. A solu¬ 
tion which contains the gramme equivalent, that is, the 
chemical equivalent weight in grammes per litre, is called a 
normal solution and denoted by N. Thus a normal solution of 
sulphuric acid contains 98 2 = 49 gm. H 2 S0 4 per litre. 

An alternative (although not much used) designation is “E,” 
meaning equivalent. 
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Solutions of one-half, one-tenth, or one-hundredth of this 
strength are called semi-normal, deci-normal, and centi- 

N N N 

normal respectively, and represented ^, — and 

The great advantage attaching to this system is that equal 
volumes of solutions of the same “ normality ” will exactly 
react with each other. Thus 10 c.c. of any normal acid will be 
neutralized by 10 c.c. of any normal alkali, while 5 c.c. N. H 2 S0 4 
will be neutralized by 50 c.c. of decinormal NaOH. The 
strengths of some common volumetric solutions are given in 
Table XXVT, and it will be easy to see how the respective 
quantities of the different reagents have been derived. 

One point of considerable importance, however, must be 
observed. In the preparation of these standard solutions, the 
chemical equivalent must be determined from the reaction 
which is involved. This point may be stressed by an example. 

TABLE XXVI 

Strengths of Standard Solutions 



Grams per Litre 

Solution 

N 

N 

2 

N 

10 

H a S0 4 .... 

49 

24-5 

4-9 

HC1. 

36-5 

18-25 

3-65 

HNO s .... 

63 

31-5 

6-3 

Na a C0 3 <r* 

63 

26-5 

5-3 

NaOH .... 

40 

20 

4 

AgNO, .... 

170 

85 

17 

Na a S a O a . 5H a O . 

248 

124 

24-8 


Usually potassium cyanide precipitates silver nitrate according 
to the following equation— 

AgN0 3 + KCN = AgCN + KN0 3 

when 170 parts by weight of silver nitrate are equivalent to 
85 parts by weight of potassium cyanide. This reaction is not 
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used analytically by the addition of KCN to AgN0 3 . Fre¬ 
quently, however, the mixture is made in the reverse direction 
and the addition of silver nitrate to an excess of potassium 
cyanide follows the course represented by the equation— 

AgN0 3 + 2KCN - AgCN . KCN + KN0 3 

There is no permanent precipitation until the whole of the 
KCN has been absorbed in producing soluble double cyanide 
or silver and potassium. Then, and not till then, a permanent 
precipitate is formed by the interaction of AgN0 3 with the 
AgCN . KCN according to the following equation— 

AgN0 3 + AgCN . KCN - 2AgCN + KN0 3 

By the time of the first appearance of a permanent precipitate 
or turbidity, the first reaction will have been completed and 
the second just commencing. The first permanent turbidity 
therefore marks or indicates the completion of the first reaction. 
If then silver nitrate is run into potassium cyanide solution, 
the first permanent turbidity is the indication that 170 parts 
by weight of silver nitrate have reacted with 130 parts by 
weight of potassium cyanide and the equivalent of potassium 
cyanide in this reaction is not 05 but twice that amount. 

Solutions of exact normalities are difficult to prepare in that 
they involve weighing out very exact quantities of the sub¬ 
stance. Other standard solutions which are not exactly equiva¬ 
lent but are nevertheless very definite may be more easily 
made, and are serviceable for most cases of analysis, while, 
as will be seen later, it is sometimes convenient to make stan¬ 
dard solutions of such strength that the required answer can 
be expressed, by the choice of quantities taken, as the figure 
read from the burette or some value simply related to it, 
thereby avoiding a final calculation. 
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SOME MATERIALS USED IN ELECTRO-PLATING 

Sulphuric acid—Nitric acid—Hydrochloric acid—Aqua regia—Acetic 
acid—Determination of strengths of acid solutions—Estimation of 
mixed acids—Caustic potash—Caustic soda—Ammonia—Estima¬ 
tion of alkalis—Standard sulphuric acid—Simple alkali determina¬ 
tion—American potash—Mixed alkalis—Alkali cyanides—Specifica¬ 
tions for cyanides—Analysis of cyanides—Standard silver nitrate 
—Evaluation of a sample of KCN —Alternative standard solution—- 
Comparison of potassium and sodium cyanides—Estimation of 
chlorides--Alternative method—Estimation of carbonates—Anti¬ 
dotes against cyanide poisoning 

Sulphuric Acid (Oil of Vitriol). The general properties of 
this acid are fairly well known. The more common name 
was derived from the fact that its earliest production was by 
the distillation of ferrous sulphate, then (and still) known as 
green vitriol, other vitreous or glassy (crystalline) substances 
also commonly known being blue vitriol (copper sulphate) 
and white vitriol (zinc sulphate). This process of distillation of 
iron sulphate is still practised for the production of various 
types of rouge (iron oxide). 

In the modern manufacturing processes the acid is made 
from either iron pyrites or sulphur (brimstone). For the purer 
qualities of acid and that required for accumulator purposes, 
brimstone is invariably used on account of its relative purity. 
When pyrites is used there pass into the acid a number of im¬ 
purities (arsenic is one) which are detrimental to some of the 
uses of the acid, especially the manufacture of a number of 
foodstuffs and also the electrolyte of the lead accumulator. 

Manufacturing methods comprise the chamber process in 
which oxides of nitrogen provide the catalyst to accelerate the 
conversion of S0 2 into the acid. The process is carried out in 
large lead-lined chambers and hence the name, chamber acid. 
The other process utilizes finely divided platinum to bring the 
S0 2 and oxygen into that more intimate contact which is 
necessary for speedy chemical change. Hence the name, 
“contact” process. 

Acid produced in the chamber does not exceed 70 per 
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cent strength, as above that figure the lead of the chambers is 
attacked. Higher concentrations are obtained by a simple pro¬ 
cess of evaporating off some of the water either in large silica 
basins or by dropping the acid down towers up which pass the 
hot gases from either a coke fire or the pyrites burners, on their 
way to the chambers. The contact process produces acid of 
practically 100 per cent strength. 

In any case in the purchase of the acid there should be some 
knowledge of its strength and some simple method of deter¬ 
mining this. For general purposes the use of the hydrometer 
will suffice, with subsequent reference to the well-recognized 

TABLE XXVII 

Specific Gravity of Sulphuric Acid Solutions 


i 


Specific Gravity 

Percentage of 
H 2 S() 4 

Grams H a SO< 
Litre 

10004 

, ! 

10-06 

1013 

2 1 

20-26 

1019 

3 

30-57 

10256 

4 

41-02 

1032 

5 

51-60 

1039 

6 

62-34 

1 0536 

8 

84-29 

1068 

10 

106-8 

1083 

12 

130 

1-114 

16 

177-2 

1*144 

20 

229 

1-182 

25 

295 

1-223 

30 

367 

1-264 

35 

442 

1-306 

40 

522-4 

1-351 

45 ** 

608 

1-398 

50 

699 

1-448 

55 

796 

1-501 

60 

900-6 

1-557 

65 

1012 

1-615 

70 

1130-5 

1-675 

75 

1256 

1-734 

80 

1388-2 

1-786 

85 

1519 

1-822 

90 

1639-8 

1-8376 

96 

i 1746 

1-8426 

100 

1842-6 
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tables which correlate density with percentage strength, the 
works method of expressing the proportion of real H 2 S0 4 in 
the liquid. In this connection Tabic XXVII shows not only 
the densities and percentage strengths of a number of acid 
concentrations but also the number of grammes of the acid per 
litre, so that with any strength of acid the approximate com¬ 
position is a matter of quick determination. From the table 
it is seen, for example, that 60 per cent strength corresponds 
to a Sp. Gr. of 1*501. A litre of this acid therefore,weighs 
1501 gm. of which 60 per cent or 900 gm. is H 2 S0 4 . There 
should hardly be the occasion to give the reminder about 
adding the acid carefully to water and not water to the acid. 

Nitric Acid (Aqua Fortis , meaning “Strong Water”). This 
acid is largely used in admixture with sulphuric acid as a dip 
for the copper alloys. It is chemically made by the action of 
oil of vitriol on Chili saltpetre (sodium nitrate). 

NaNO s + H 2 S0 4 = NaHS0 4 + HN0 3 

In the older process the acid and nitrate are mixed in cast 
iron retorts, the acid coming over and being condensed in acid- 
proof stoneware bottles. There are, of course, other methods 
of making the acid which received prominence during the late 
war. The pure acid is colourless while the colour of the 
commercial type is due to impurities, chiefly oxides of nitrogen. 

In the process of manufacture the use of relatively weak 
sulphuric acid results in the production of relatively weak 
nitric acid which can be concentrated up to 70 per cent strength 
by simple boiling. At that strength, both acid and water come 
over together, so that no further concentration is possible. 
The stronger varieties of acid are therefore made with stronger 
sulphuric acid, or conceatr&fed from the 70 per cent acid by 
first mixing with sulphuric acid which, as it were, hangs on to 
the water allowing the HN0 3 to be distilled off to a strength of 
100 per cent. The densities and strengths of nitric acid are 
shown in Table XXVIII. 

Hydrochloric Acid (Spirits of Salt , Muriatic Acid) finds some 
application in electro-deposition. It is produced practically 
as a by-product in the manufacture of sodium carbonate, the 
first stage of which involves the conversion of common salt 
(rock salt) into sodium sulphate (salt cake)— 

2NaCl + H 2 S0 4 = 2HC1 + Na 2 S0 4 
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TABLE XXVIII 

Specific Gravity of Nitric Acid Solutions 


Specific Gravity 

% hno, ; 

Gm. HNO, 
per litre 

1-53 

100 

1530 

1-495 

90 

! 1345 

1-46 

80 

1168 

1-423 

70 

996 

1-374 

60 

824 

1-317 

50 

658 

1-251 

| 40 

500 

1-185 

•* 30 

355 

1-120 

20 

224 

1-089 

15 i 

163 

1-067 

114 ! 

122 


Formerly the acid fumes were allowed to escape into the 
atmosphere. Stricter regulations then necessitated their 
absorption in water and incidentally opening up the acid to a 
number of industrial uses. It must be remembered that where¬ 
as both sulphuric and nitric acids are, when pure, liquids, 
hydrochloric acid is a gas, the commercial acids bein^ solutions 
of the gas in water. The various strengths of this acid are 
shown in Table XXIX. 


TABLE XXIX 

Specific Gravity of Hydrochloric; Acid Solutions 


Specific Gravity 

Percentage of 
| ?„HC1 

Gm. HC1 
per Jitre 

1-197 

40 

479 

1-174 

35 

411 

1*154 

31 

358 

1-141 

28-5 

325 

1-118 

24 

268 

1-098 

20 

219 

1-074 

15 

161 

1-054 

11 

116 

1-032 

6-5 

67 

1-02 

4 

41 
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Aqua Regia. This is a mixture of strong nitric and 
hydrochloric acids which when warmed react, and evolve 
chlorine which at the moment of its production is capable of 
attacking such noble metals as platinum and gold, dissolving 
them tliiis— 

^N0 3 + 3HC1 = N0C1 + CU 4- 2H„0. 

Pt + 401 = PtCl 4 
Au + 3C1 = AuCl s 

This chlorine when originally evolved is in the atomic 
form in which it is particularly active. It is then said to be 
“ nascent.” Otl\er gases behave similarly. Thus atomic or 
nascent hydrogen (H) achieves many chemical changes not 
possible with ordinary or molecular hydrogen (H 2 ). 

Acetic Acid is produced by the fermentation of alcohol—a 
process which involves oxidation— 

* C 2 H 6 0 + 0 2 = H . C 2 1I 3 0 2 + H 2 0 

This process is followed in the production of malt vinegar. 
On the industrial scale, acetic acid is obtained from the 
watery distillate of heating wood in the production of charcoal. 
When pure and strong the liquid acid freezes at 16*5° C. In 
cold weather the liquid freezes. Such strong acid is called 
glacial acetic acid. 

Determination of Strength of Acid Solutions 

This is a matter which need not be considered in detail for 
each of the three acids referred to. The matter can be dealt 
with more generally. 

The acids as purchased require considerable dilution prior 
to analysis. The estimations of acid strength are conveniently 
made with N/2 NagCOg. acids must therefore be diluted 
down to this order of strength. 

Now 1 c.c. N/2 NagCOg - 0 0245 gm. H 2 S0 4 
= 0 0315 gm.HNO* 

= 0-01825 gm. HC1 

StUphuric Acid. The strongest acid contains, as reference to 
Table XXVII shows, approximately 1800 gm. H 2 S0 4 per litre: 
To reduce it to N/2 (containing 24-5 gm. per litre) necessitates 
dilution to about 80 times its volume. Roughly, measure out 
10 to 12 c.c. of the acid into a small weighed glass vessel. 
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Weigh to give the exact weight of the acid. Carefully dilute. 
Transfer to a litre flask, taking all precaution that the acid is 
thoroughly washed into the flask. Dilute to 1000 c.c. and shake. 
Take 25 c.c. of this solution by means of a pipette into a 
conical flask. Add two drops of methyl orange solution. In 
the acid solution the colour changes to pink. Run in the 
semi-normal sodium carbonate from a burette until the colour 
just changes to yellow. This should be repeated and the 
titrations averaged in order to ensure a more accurate result. 

Example — 

Weight of acid = 20*5 gm., diluted to 1(J£)0 c.c. 

25 c.c. diluted acid require 20*1 c.c. N/2 Na 2 C0 3 . 

Hence percentage of H 2 S0 4 in the sample 

201 X *0245 X 1000 X 100 _ 

“ 25 x 205 

Nitric Acid. Reference to Table XXVIII shows that the 
usual type of strong acid of 1*4 sp. gr. contains 70 per cent 
HN0 3 , or approximately 1000 gin. per litre. The semi-normal 
acid contains 31*5 gm. per litre. The strong acid therefore 
requires dilution about 30 times. Weigh out accurately about 
30 c.c. of the strong acid. Dilute to 1000 c.c. and titrate 
25 c.c. with N/2 Na 2 00 3 . 


Example — 

Weight of acid — 28-4 gm. diluted to 1000 oc. 

25 c.c. diluted acid require 15-8 c.c. N/2 Na 2 C0 3 . 

Hence percentage HN0 3 in the sample 

15-8 X *0315 x 1000 x 100 
“ 25 x 28-4 '" ” 

Hydrochloric Acid. The? ttsuaHldbng acid contains 35 per 
cent HC1 or approximately 410 gm. per litre. Semi-normal 
acid contains 18*25 gm. per litre. Before titration the strong 
acid requires dilution about 20 times. 

Example — 

Weight of acid == 50*5 gm. diluted to 1000 c.c. 

25 c.c. diluted acid require 20*2 c.c. N/2 NagCOg. 

Hence percentage strengt h of the acid sample 


20-2 x 0*01825 x^lOOO x 100 
25 x'50*5 


- 29*2 
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Estimation of Mixed, Acids 

Mixtures of acids are frequently used in electrodeposition. 

It should be possible to determine their quantitative com¬ 
position with some degree of accuracy. Obviously specific 
gravity methods will be of little use. Chemical methods in¬ 
volving both volumetric and gravimetric must be employed. 

The first step will be that of the determination of what is 
called the “normality” of a suitably diluted sample, and for 
the purpose of dilution some approximate idea of the strength 
of the mixed acid must first be gained. By way of illustration, 
take a mixture of sulphuric and nitric acids as commonly used 
in the dipping of brass articles. A little of the acid can be 
quickly and roughly diluted down and tested with N/2 sodium 
carbonate to ascertain its approximate strength. Upon the 
basis of this experience a larger and suitable quantity is 
weighed out and diluted to 1000 c.c. Measure out with a 
pipette 25 c.c. of this acid and titrate with N/2 Na 2 C0 3 with 
methyl orange as indicator. 

Example — 

Weight of acid 39-78 gm. diluted to 1000 c.c. 

25 c.c. diluted acid require 28 c.c. N/2 Na 2 C0 3 . 

The diluted acid is obviously stronger than the N/2 sodium 
carbonate. It is in fact 28 -f- 25 = M2 times semi-normal or 
0-56N. 

Now N.H 2 S0 4 = 49 gm. per litre. 

0-56 N.H 2 S0 4 = -56 x 49 = 27-4 gm. H 2 S0 4 per litre. 
Similarly— 

N.HN0 3 = 63 fftvper litre 
•66N.HNO3 = 0-56 x 63 = 35-3 gm. HNO s per litre. 

If this diluted acid were sulphuric acid without any nitric acid, 
its strength would be 27-4 gm. H..F0 4 per litre. Similarly if the 
acid were nitric acid without any lI..S 0 4 , its strength would be 
35*3 gm. per litre. Both these aeni solutions have the same 
normality, that is, the same pover of neutralizing sodium 
carbonate or other alkali. The titration does not give us any 
indication of the relative quantiiies of the two acids present. 
It therefore becomes necessary to determine one of these 
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gravimetrically. The sulphuric acid can readily be estimated 
in the following manner. Take 25 c.c. of the diluted acid. 
Dilute further with distilled water. Heat to boiling and add an 
excess of boiling barium chloride solution, that is, till there is 
no evidence of more ppt. forming. The following reaction 
occurs— 


H 2 S0 4 + BaCl 2 = BaS0 4 + 2HC1 


The white ppt. is BaS0 4 which, to put it briefly, is filtered 
through a paper of known ash and thoroughly washed until 
the washings give no evidence of the presence of chlorides. 
The ppt. is then dried and the paper containing it folded and 
placed in a porcelain crucible which has previously been cleaned 
and weighed. This is heated to redness until the whole of the 
carbon from the paper is burnt off*. By this time the BaS0 4 
can be assumed to be dry and the crucible now contains 
BaS0 4 together with the small ash of the filter paper. Deduct 
the weight of this ash. (This will usually be indicated upon the 
packet.) Assume the weight of BaS0 4 obtained to be 0*9 gm. 


Now 

Hence 


BaS0 4 

233 


H 2 S0 4 
98 
98 


H.jS 0 4 per litre = ^ x ™ 


X 1000 = 15-1 gm. 


Now 15-1 gm. H 2 S0 4 per litre ~ 


151 

49 


- 0-308 N. 


Total normality of mixed acid — 0*56 
Normality due to H 2 S0 4 = 0-308 

Normality due to SNO^(T252 

Gm. HN0 3 per litre — 0*252 x 63 
-- 15-9 

Hence 39-78 gm. original strong acid contain 

15-1 gm. H 2 SO, = -= 38% 

and 15-9 g£ HN0 3 - = 40% 
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With a mixture of sulphuric and hydrochloric acids the 
total normality will first be determined by titration with 
sodium carbonate, after which the titration in the neutral 
solution can be continued with standard silver nitrate (using 
K^Ct0 4 as indicator) to determine the hydrochloric acid, this 
latter titration only being made in neutral solution. 

The procedure for other mixtures will follow on similar 
lines. 


Alkalis 

Caustic Potash (Potassium Hydroxide , KOH). This con¬ 
stitutes one of the chief alkalis used in the industry. A usual 
variety is that known as American potash while another type 
is that known as Montreal potash. The origin of the term 
“potash” is interesting, being derived from the fact that 
quantities of wood are burnt in large pots in America and else¬ 
where for the ashes which they leave. This ash (pot-ashes) 
contains a large proportion of potassium carbonate which 
can be dissolved from it and by evaporation of the solution 
yields a purer type commercially known as pearl ash. 

By. treating this potash (potassium carbonate) with slaked 
(lime) Ca(OH) 2 , the carbonate is converted either wholly or 
partially into caustic potash thus— 

K 2 C0 3 + Ca(OH) 2 = 2 KOH + CaC0 3 

The calcium carbonate is separated off and the liquid evapor¬ 
ated, the resulting product containing both carbonate and 
caustic in varying proportions. A number of examples of this 
type of potash yielded on analysis the following results— 

Fable xxx 

Analyses of American Potash 


1 

Sample j 

1 

KOH 

i 

K,CO, j 

Total 

I 

20-3 

29-7 

56 

2 

1 

34*5 

50-3 

3 

41*6 

f 26-2 

67-8 

4 

14 

W4‘5 

_ M _ 

48-5 


f 


a— i r stub ) 
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These vary very considerably in their composition although a 
better grade of the same type of material gave an analysis 
of— 


KjCOs 41-7% K 2 S0 4 40% 

KOH 49-6% KC1 20% 

Na 2 C0 3 1-4% 

A simple method of determining the quantities of carbonate 
and caustic will be given later. At present we have only need 
to point out that these types of potash are largely (still largely, 
we might say) used for the removal of grease prior to electro¬ 
deposition. 

Better qualities of potassium hydroxide are made with 
purer materials by the electrolysis of potassium chloride. 

Caustic Soda {Sodium Hydroxide , NaOH) finds considerable 
application in electro-deposition not only in the preparation 
of depositing solutions but also in special types of cleaners. 
It is made by the electrolysis of salt solution and also by 
causticizing sodium carbonate obtained from salt cake. The 
ordinary material for chemical use is marketed in sticks and 
flakes, but in larger quantities the massive lump form is more 
usual. Like caustic potash it will always contain a proportion 
of carbonate, this resulting from exposure to the atmosphere. 
Analytical examination follows that of the potash compound. 

Ammonia. This is another alkali of common application. 
The commercial liquid is a solution of the extremely soluble 
gas, of which only a very small proportion enters into chemical 
combination with the formation of ammonium hydroxide 
thus— ,<*•***> »<*’" ^ 

nh 3 + H 2 0 = Nti 4 OH 

this compound being altogether too unstable to obtain in any¬ 
thing more than a most dilute solution. The strongest solution 
of the gas has a specific gravity of 0*880 and hence the usual 
designation of 880 ammonia. The material is largely obtained 
as a by-product of gas manufacture being obtained by the dis¬ 
tillation of the ammoniacal liquor with lime. The accompany¬ 
ing table (No. XXXI) shd%s the strengths and concentrations 
of solutions of this gas. 
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TABLE XXXI 

Specific Gravity of Ammonia Solutions 


Specific Gravity 

Percentage 
of NH 8 

Gi». NH # per 
litre 

0-996 

1 1 

9-96 

0-987 

3 

29-6 

0-979 

i 5 

48-9 

0-971 

! 7 ' 

68 

0-959 

10 

95-9 

0-952 

12 • 

114 

0-9414 

• 15 

141 

0-925 

20 

185 

0-911 

25 

228 

0-898 

30 

269 

0-880 

36 

317 


Estimation of Alkalis 

After what has been said in the section dealing with the 
estimation of acid strengths, the methods for alkalis can be 
more concisely stated. The first requirement is some standard 
acid of definite strength, and this is not a matter of direct 
preparation. It involves making an acid solution of approx¬ 
imate but rather greater strength than that required, standard¬ 
izing this and exactly diluting it down to the required strength. 

Standard Sulphuric Acid. Take 15 c.c. of the strong acid, 
dilute with water, transfer to a litre flask and make up to 
1000 c.c. Titrate 25 c.c. of this acid with N/2 sodium carbonate 
with methyl orange as indicator. 

Assume that 25 c.c. acid require 28 c.c. N/2 Na^CC^** The 
acid is obviously strong$frHhan the carbtfhate. Further by 
the addition of 28 — 25 = 3 c.c. water to each 25 c.c. of acid 
there will be 28 c.c. of mixture containing the acid originally 
in 25 c.c. of the diluted acid and therefore exactly balancing the 
alkali and thus being of exactly semi-normal strength. This is 
the usual procedure and then — 

lc.c.N/2 acid = 0 020 gm. NaOH = 0 028 gm. KOH 

= 0-0265 gm. Na 2 C0 3 = 0 0345 gm. K 8 C0 3 
Simple Alkali Determination. As g simple illustration of an 
alkali determination the percentage of Na 2 C0 3 in washing 
soda may be taken. Weigh out 10 gm. of the soda, dissolve in 
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water and make up to 250 c.c. in the appropriate measuring 
flask. Take out 25 c.c. into a conical flask, dilute somewhat 
with water, and add methyl orange. From a burette run in 
semi-normal acid until the yellow colour of the alkali changes to 
pink, indicative of the slightest acidity and therefore the 
completion of the neutralization. Assume that as a mean of 
several titrations the volume of acid used is 14-1 c.c. Then— 

1 c.c. N/2 acid = 0 0265 gm. NagCC^ 

Hence percentage of Na 2 C0 3 in the original soda 

14-1 x 0 0265 X 250 X 100 . 

-2T710-- 47 4 

Now the correct formula for washing soda is— 

Na^Oa . 10H 2 O 
106 + 180 = 286 

and this formula is intended to express the fact that the 
..... _ 106 x 100 _ 


substance contains 


37%Na 2 C0 3 


The slightly higher figure in the estimation may readily be 
accounted for by loss of water by exposure. 

American Potash. A somewhat similar test may be made 
with this material in order to determine its “causticity” or 
proportion of KOH. Weigh out 5 gm. of a sample, dissolve 
and make up to 250 c.c. Take out 50 c.c. and titrate with 
semi-normal acid using methyl orange as indicator. Assume 
the reading to be 22-5 c.c. Then— 

1 c.c. N/2 acid = 0 028 gm. KOH 
Hence percentage of KOH in the saaqgle is— 

22-5 x 0-028 X 250 X 100 
- 50X5 -- =63 

Now this figure assumes that the alkalinity is due entirely to 
KOH, and yet, during the titration, it will have been observed 
that C0 2 has been evolved, indicative of the presence of car¬ 
bonate which is to be expected in this class of alkali. What we 
should like to know are the actual quantities of both of these 
alkalis. 

Mixed Alkalis. Now there are differences in the sensitive¬ 
ness of different indicators. Phenolphthalein is, for example, 
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much more sensitive than methyl orange. This difference is 
illustrated by the fact that potassium (or sodium) bicarbonate 
is apparently acid to phenolphthalein and alkaline to methyl 
orange. A simple test will readily check this statement. 
Further, the neutralization of potassium carbonate takes 
place in two stages as follows— 

( 1 ) KjCOg + HC 1 - KHC0 3 + KC1 

this occurring without the evolution of C0 2 . Then— 

(2) KHCO 3 + HC 1 - KC 1 + C0 2 + H 2 0 

On the other hand, the neutralization of KOH can only take 
place in a single stage thus— 

(3) KOH + HC 1 = KC1 + H 2 0 

If then we titrate a mixture of caustic (KOH) and carbonate 
(K 2 C0 3 ) using phenolphthalein as indicator, the disappearance 
of the violet colour indicates the completion of equations (3) 
and also (1). The addition of methyl orange still produces a 
yellow colour, and by continuing the titration till this changes 
to pink, the reaction represented by equation (2) will then be 
effected. Thus the first titration with phenolphthalein 
represents the neutralization of the caustic, while at the same 
time the carbonate is only at its half stage. Further, the 
second quantity of acid added to turn the methyl orange pink 
represents the second stage of the carbonate neutralization. 
Put in another and more usual manner, the first titration 
represents the caustic and half the carbonate, while the second 
titration figure represents the other half of the carbonate. 

In an example, 50 c.c. of the American potash solution pre¬ 
pared as above (containing 5 gm. per 250 c.c.) gave* with 
phenolphthalein 18-7 c.of N/2 acid. A few drops of methyl 
orange then added and the titration continued resulted in the 
further addition of 3*8 c.c. of N/2 acid. Hence— 
caustic + half the carbonate = 18-7 c.c. N/2 acid, 
while half the carbonate == 3-8 c.c. N/2 acid. 

Hence the KOH is represented by 

18-7-3-8= 14-9 c.c. acid 
while the K.,t\) 3 is represented by 

N 

2 x 3-8 = 7*6 c.c. ^ acid 
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Now 50 c.c. of the potash solution contain 1 gm. of solid. 
Hence percentage of KOH = 14*9 X 0*028 X 100 

= 41*7 

and percentage of K 2 C0 3 = 7*6 X 0*0345 X 100 

- 26*2. 

We have thus a method of determining both the caustic and 
carbonate in a mixture by a single titration with two in¬ 
dicators, and this determination is also required in the 
analysis of many types of cleaning solution and also all 
depositing solutions in which caustic is an essential constituent, 
and which, in course of time, must in part be converted to 
carbonate by the absorption of carbonic acid gas from the air. 

Alkali Cyanides. Potassium and sodium cyanides are im¬ 
portant compounds in the electro-depositing industry, as a 
number of metals can only be successfully deposited from such 
solutions. For many years, however, there was considerable 
variation in the qualities of these materials which were avail¬ 
able for this purpose. Further, each had some points of 
advantage over the other. Their methods of manufacture are 
not relevant here. Consider, however, their formulae— 

KCN = NaCN 
65 49 

These represent chemically equivalent quantities of the two 
pure substances, and bearing in mind the fact that potassium 
compounds are much more expensive than the corresponding 
sodium compounds, there may be some surprise at the large 
vogug which the potassium compound once had. With the 
late war there arose a dearth of potassium salts. Sodium 
cyanide had perforce to be used m place of the potassium 
compound. Subsequently in America the use of the sodium 
compound was still persisted in, while in this country 
there was a considerable reversion to the potassium salt as 
this became available again. 

From the formulae it will be apparent that weight for 
weight the sodium compound does more work. There is the 
added advantage of greater cheapness. There must be some 
points in favour of the potassium salt which led to its con¬ 
tinued use. Two advantages might be advanced. They are— 
1. On dissociation, assuming the degree to be the same in 
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both cases, the potassium salt gives an ion of greater speed 
under similar electrical conditions. This is a small point. 

2. All alkali cyanides are prone to decomposition in 
aqueous solution and by exposure. The changes are not too 
simple. Some of them are indicated in the following 
equations— 

(а) NaCN + H 2 0 = NaOH + HCN 

(б) 2NaOH + C0 2 = Na 2 C0 3 + H 2 0 

(c) HCN + 2H 2 0 = H . COOH + NH 3 

The same type of reactions also take place with the 
potassium compound. 

Obviously therefore these cyanide solutions soon deviate from 
their original composition with the accumulation of car¬ 
bonates which have their advantages and also, to a much lesser 
extent, the formates which are also considered to be advan¬ 
tageous in the solution. Periodic additions of cyanides are 
therefore necessary in all cyanide baths leading to the in¬ 
creasing content of carbonates. Now there must be some limit 
to the usefulness of the carbonates, though the limits are by 
no means narrow. In the course of time, the solutions may 
become saturated with carbonates and this calls for their 
removal. Apart from this, they may crystallize out in the 
bath on the sides of the tank and also on the anodes, thereby 
considerably reducing their effective area and consequently 
their efficiency. Relevant to this point, the relative solubilities 
of the two carbonates are given in Table XXXII and from 
this it will be seen why the potassium salt commands great 
favour. Methods of removing these excesses of carbonates are 
given elsewhere. y 

In the metallurgy of gold, cyanides find an important appli¬ 
cation in dissolving out the finely divided metal which occurs 
so widely distributed in quartz. Solutions of cyanides of only 
0*3 per cent effectively dissolve the gold according to the 
following equation— 

2Au + 4 NaCN + H 2 0 + 0 = 2 AuCN . NaCN + 2NaOH 

In electro-deposition, cyanides find application for eleaiiing 
purposes and largely in the production of stable solutions of 
metals, the mineral salts of which are readily decomposed by 
contact with more active metals requiring to be plated. They 
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also serve the purpose of providing solutions (that for the 
deposition of brass, for example) for the deposition of alloys 
the constituents of which are electro-chemically too different 
to allow of their co-deposition from solutions of their mineral 
salts. 

TABLE XXXII 

Solubilities of Potassium and Sodium Carbonates 


t° c. 

100 Parts Water Dissolve Parts of 

k„co 3 

Na 2 C0 3 

0 

89-4 

71 

5 

104 

9-5 

10 

109 

12-6 

15 

110 

16-5 

20 

112 

21-4 

25 

113 

28 

30 

114 

38-1 

40 

117 

46-2 


Specifications for Cyanides. As has been stated, the earlier 
samples of these materials which were available to the electro¬ 
depositor were of indifferent composition and value. The com¬ 
mon method of evaluating cyanides is by standard silver 
nitrate, which does not differentiate between the alkali 
cyanides (the sodium or potassium salts for example). By 
this method therefore it would be possible to prepare a mixture 
of Na€N (75*4%) and 24-6 per cent NaCl (to take an example 
of an indifferent impurity), so that, by the usual test the result 
might be expressed as 100 per cent KCN. This or its equiva¬ 
lent was quite the common experience, so that a mixture of 
NaCN with a fair amount of impurity could be passed off as 
almost pure KCN (judged solely by the silver nitrate test). 
The whole matter has now been regularized by the intro¬ 
duction, at the instigation of the Electro-depositors’ Tech¬ 
nical Society, of specifications issued by the British Standards 
Institution* which represent agreement among the chief 
manufacturers and users ol these materials and provides 
assurance of composition and value to the purchaser and user. 

* B.S.I. Specification 622, 1935. 
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These specifications deal with two qualities of KCN, white 
and grey. The former, of 96-99 per cent, is to have a KCN 
content of at least 96 per cent with not more than 0*8 per cent 
of sodium (as Na). The grey variety single salt of 91-92 per 
cent KCN, is to have not less than 91 per cent KCN and sodium 
(as Na) not exceeding 0-'8 per cent. The sodium salt (single 
NaCN) with a value of 128-130 per cent is to conform 
approximately to the formula NaCN with a cyanide content 
of not less than 97*0 per cent NaCN which is equivalent to 
128-8 per cent KCN. 

There are other details in the specifications and also the 
exact methods by which each is to be determined. Users of 
cyanides are advised to acquire a copy of these specifications 
and to see that they are adhered to in the materials purchased. 

Some compositions of actual samples of cyanides in common 
use may be of interest, particularly as showing the other 
materials entering into the composition of these products. 

Sodium cyanide 97—98% = 129—130% KCN 
Sodium cyanide (NaCN) . . . 97*5 

Sodium carbonate (Na 2 C0 3 ) . . .1*0 

Sodium oxide (Na 2 0) .1*5 

1000 

Sodium cyanide 74—76% = 98—100% KCN 
Sodium cyanido (NaCN) . . 75% 

Sodium carbonate (Na 2 CO a ) . 0 to 25% 

Sodium chloride (NaCl) . . 25 to 0% 

Potassium cyanide 

Grey KCN Pure white KCN ( * _ 


KCN . 

. 91-5% 

KCN . 

• 94% 

NaCN 

2-5/ 

rsra 2 co 8 

. 0-5 

k 2 co 3 

25 

K 2 C0 3 . 

3-5 

Na,0 

3-5 

KOH . 

1*5 



H r O 

0*5 


1000 


100*0 


The “white” sample often therefore does not come up to 
specification, while the second sample of sodium cyanide 
represents a low grade material only used for cleaning purposes. 
The specific gravities of cyanide solutions do not find imme¬ 
diate application in electro-deposition but are given in 
Table XXXIII. 
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TABLE XXXIII 

Specific Gravity of Potassium Cyanide Solutions 


i 


Specific Gravity 

i 

% KCN 

Gm. KCN 
per litre 

1-213 

35 

425 

1181 

30 

354 

1*149 

25 

287 

1*119 

20 

224 

1*089 

15 

163 

1*061 

10 

106 

1*048 

8 

84 

1*036 

6 

62 

1*025 

4 

41 

1 


Analysis of Cyanides 

Usually it will be necessary to know the cyanide, chloride, 
and carbonate content of a sample. Having in mind the 
requirements of modern specifications, there will be no 
occasion to give either in outline or detail the estimation of the 
relative proportions of the two compounds, those of sodium 
and potassium. 

Principle of “ Cyanide ” Estimation. When potassium 
(or sodium) cyanide is added to silver nitrate there is an 
immediate ppt. of silver cyanide thus— 

AgN0 3 + KCN - AgCN -(- KNO a 
This method of addition of the two substances does not find 
application in analysis. When, however, the mixture is made 
in tha reverse direction the following reactions occur— 

1. AgNO a + 2KCN = AgCN . KCN + KN0 3 

2. AgCN .KCN + AgN0 3 = 2AgCN + KN0 3 
Accordingly there is no permanent ppt. until the whole of the 
KCN has been absorbed in the production of the solilble 
double cyanide. As soon as reaction (1) is completed, the com¬ 
mencement of reaction (2) is indicated by the formation of a 
turbidity. The appearance of this turbidity is the indication 
of the completion of the first reaction. 

By this method of addition— 

AgN0 3 ^ 2KCN - 2NaCN 
170 130 98 
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Standard Silver Nitrate. A deci-normal solution is of conven¬ 
ient strength. It contains 17 gm. AgN0 3 per litre. 1 c.c. con¬ 
tains 0-017 gm. AgNOg 0-013 gm. KCN == 0-0098 gm., NaCN. 

Evaluation of a Sample of KCN. Weigh out accurately 
5 gm. of the sample and dissolve in water making up the 
volume of the solution to 250 c.c. Shake. Charge a burette 
with N/10 AgNOg. Take 25 c.c. of the cyanide solution. 
Dilute to 100 c.c. (approx.) with water. Add a few drops of 
KI solution. [The purpose of this addition is to form more 
opaque and therefore more easily seen Agl at the completion 
of reaction (1) and thus sharpen the end point.] Warm slightly. 
Run in the AgNOg shaking after each addition until there is 
the first trace of a permanent turbidity. The titration is easy 
to carry out. Assume that, as an average of three titrations, 
the volume of AgNOg solution used is 36 c.c. Then— 

Percentage KCN in sample 

36 x 0-013 X 250 x 100 . 

25 X 5 


Sodium cyanide will be dealt with in the same manner except 
that there will be occasion to dissolve a proportionately smaller 
quantity of the sodium salt. 

An Alternative Standard Solution. There is something to be 
said for the use of a silver nitrate solution of such strength that 
1 c.c. = 0-01 gm. KCN. A simple calculation will show that 

0-01 X 17 

this solution will contain — - - — = 13-08 gm. AgNOg per 


litre. ^ 

If this solution had bean used in the above test the volume 

36 X 17 

of the weaker solution would have been - = 46-8 c.c. 

Io*Uo 


which figure, doubled (as 25 c.c. of the cyanide solution con¬ 
tain 0-5 gm.) at once gives the percentage of KCN in the 
sample. 

It should be noted that this met hod of estimation of either 
KCN or NaCN is given in its barest simplicity. The test is 
capable of being carried out with a good deal of precision and 
much more accurate methods are obviously necessary where 
large quantities of cyanides are being sold or bought under 
specification. These more accurate methods will be found in 
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the British specification to which reference has already been 
made. 

Comparison of Cyanides. It will be noted that, from the 
equivalent values of the two compounds KCN (65) and 
NaCN (49), any small quantity of the sodium salt in admixture 
with the potassium salt will tend to give a “good” figure in 
the estimation of KCN. Thus a mixture of 90 per cent KCN 
and 5 per cent NaCN would give a total result (as KCN) of— 
65 

90 -f" X 5 = 96-6 per cent 
49 

while in an extreme case a mixture of 75-4 per cent NaCN with 
24*6 per cent of some inert compound, such for example as 
NaCl, would give a “KCN” value of 

75*4 X 65 inn xTi-wr 

-49- = P er cent KCN 

Hence the restriction of the NaCN content of a substance 
which is supposed to be the potassium compound. 

Estimation of Chlorides. These are frequently present in 
cyanide samples. They may be estimated as follows. Proceed 
with the KCN titration to completion when the following 
reaction will have been completed— 

AgN0 3 + 2KCN = AgCN . KCN + KN0 3 

The addition of a further equal volume of the silver nitrate 
solution will now complete the following reaction— 

AgNO a + AgCN . KCN = 2AgCN + KN0 3 

when the whole of the cyanide compound will be precipitated. 
A little KjCr0 4 solution is uqw added and the titrqtion carried 
on until there is a slight red coloration formed due to the 
pptn. of Ag 2 Cr0 4 . This marks the completion of the pptn. of 
the chlorides in accordance with the equation— 

KC1 + AgNOg - AgCl + KN0 3 

This last addition of AgNOg is a measure of the chloride present, 
and as 1 c.c. N/10 AgN0 3 = 0 00745 gm. KC1 the percentage 
of KC1 in the sample is readily calculated. 

An Alternative Method involves decomposing the cyanides 
in a measured sample by the addition of HN0 3 and evaporating 
down to ensure the expulsion of all HCN. The solution could 
be neutralized and then titrated with AgNO a for the chloride 
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content. A more reliable method, however, is that of the 
addition of an excess of N/10 AgNO a and then, using iron alum 
as an indicator, titrating back with N/10 ammonium thio¬ 
cyanate as indicated in the estimation of silver in the plating 
solution in Chapter XIII (see page 258). 

Estimation of Carbonates. This will be dealt with in detail in 
the estimation of carbonates in the silver plating solution 
to which reference can be made. The calculation requires only 
slight and obvious modification to adapt it to the estimation of 
carbonates in cyanide samples. 

Antidotes Against Cyanide Poisoning. The excessively 
poisonous nature of the cyanides calls for the greatest care in 
their use. Constant use possibly makes the worker somewhat 
forgetful of their dangers. The attitude should be far from that 
of allowing familiarity to breed contempt. There are remark¬ 
ably few cases of cyanide poisoning, having in mind the exten¬ 
sive use of these compounds. Precautions, however, must 
always be exercised and first aid remedies should always be to 
hand. 

Every plating shop should be equipped with a list of 
instructions as to the treatment in case of unfortunate emer¬ 
gency. Those published by the Cassel Cyanide Company 
(I.C.I.) are conveniently framed for public display. Cyanide 
poisoning may occur through swallowing either the solid or 
liquid, or inhaling the gas. If from gas, the dangerous atmos¬ 
phere must at once be left. If from solid or fluid a dose of 
cyanide antidote must at once be taken. This is compounded 
from two solutions: (1) 158 gm. of ferrous sulphate crystals 
dissolved in a litre of water and (2) 60 gm. anhydrous sodium 
carbonate dissolved in a litre o£*frater. For a dose, mix 50 c.c. 
of each solution together and swallow immediately. 

If the patient is unconscious, the antidote cannot be adminis¬ 
tered. He should be removed to a pure atmosphere, placed in a 
recumbent position (on no account walked about) and arti¬ 
ficial respiration resorted to, keeping the patient warm with 
blankets and hot water bottles. A mixture of oxygen and 
carbon dioxide is given. 

Medical aid, having at the first been summoned, can now 
give specialized treatment the nature of which is advised on 
the chart referred to. All plating shops should be provided 
with a chart of these urgent instructions. 



CHAPTER VI 

SOURCES OF CURRENT 

Introduction —The lead accumulator—The dynamo—Methods of 
excitation—The motor geneiator—A.C. rectifiers—The lead- 
aluminium rectifier—The Westinghouse metal rectifier 

Introduction. Only a brief survey of the possible sources of 
current can be attempted in a single chapter. Time was when 
it was usual to refer in detail to the principles of the usual 
types of voltaic cells, some of these having been used con¬ 
siderably in the early days of electro-plating. Now all this 
has changed. The dynamo, introduced as far back as 1867, 
opened up the way for large scale deposition, and while for 
many years cells were still in use by the electro-plater operat¬ 
ing on a small scale, it might be difficult to find them in use 
to-day even in the smallest way in experimental work. 
Yet, many years ago, the Smee cell was largely used by electro- 
typers, while the Bunsen cell, with all its inconveniences and 
need of attention, was in considerable use by electro-platers. 
To-day the dynamo and motor generator are everywhere 
to be seen. In addition, there are now in use types of 
machines in which there is a more direct conversion of alter¬ 
nating current, which is the type so frequently generated at 
power stations and distributed for power work, to the direct 
form serviceable for electro-deposition. 

The Lead Accumulator^^Throughout these changes in 
practice the lead accumulator has, served a useful purpose, 
and is still in use where current is required over night periods 
when it is not convenient to run a machine. 

The principle of the accumulator is simple. The two l^ad 
plates, usually set up in numbers in parallel, and known as 
the positive and negative plates respectively, hold in their 
structure lead compounds, that on the positive, when charged, 
being largely the brown oxide of lead (Pb0 2 ), while the 
negative plate holds metallic lead in a form which renders 
it particularly susceptible to chemical action. At any time 
there is also a proportion of lead sulphate (PbS0 4 ) on both 

100 
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plates, but the electro-chemical differences* are due to the 
lead dioxide and lead. 

During discharge H and S0 4 ions normally migrate to 
the plates and the following chemical actions there take place. 
On the positive— 

Pb0 2 + 2H + H 2 S0 4 - PbS0 4 + 2H 2 0 
On the negative— 

Pb + S0 4 = PbS0 4 

These equations represent the chemical changes in their 
simplest form. A completely adequate explanation would 
involve much more detail. 

Sooner or later, depending upon the capacity of the cells 
and their rate of discharge, these active materials are largely 
converted to lead sulphate, though never completely. The 
cell is then said to be discharged. The reactions of the cell 
are reversible, and on passing a current in an opposite direction 
the material upon both plates, viz. lead sulphate, is recon¬ 
verted to lead dioxide and lead. Thus during charge the 
following reactions occur— 

On the positive— 

PbS0 4 + S0 4 + 2H 2 0 = Pb0 2 + 2H 2 S0 4 
On the negative— 

PbS0 4 + 2H = Pb + H 2 S0 4 

There are certain obvious signs of the practical completion 
of the charging operation. These include high density of the 
acid, which is produced during charging and absorbed' by the 
plates during discharge, ancQgfch© rich brown colour of the 
newly formed lead dioxide. In addition, there is the high 
voltage required to maintain the correct charging current, and 
the rapid evolution of gas from both plates. Normal voltage 
curves for charge and discharge are shown in Fig. 23. It must 
be remembered that the voltages here referred to are those 
taken while the cell is being operated at its correct rate, either 
charging or discharging. 

A number of points require careful attention in the use of 
accumulators. In the first place, when not in use, they should 
be kept charged. The lead sulphate due to discharge only 
functions satisfactorily when freshly made and porous. 
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Standing effects its consolidation, a condition known as sul- 
phating, from which it is difficult to recharge the accumulator 
without special treatment. 

The designed rates of charge and discharge should be strictly 
adhered to. Accumulators require gentle treatment in this and 
every other respect. The level of the liquid should be main¬ 
tained by the frequent addition of distilled water, and the 
accumulators should be housed under conditions which admit 
of free ventilation when charging, and also to ensure freedom 



from contamination from other acid fumes which are deleteri¬ 
ous and rapidly decrease the capacity. 

The Dynamo. The general principle of the operation of 
the dynamo will be appreciated and usually understood. 
Suitably wound coils of wire rotate rapidly between two or 
noore magnetiiT poles. If a closed circuit exists a current is 
set up, and this current is jUfMfce alternating type. This a.c. 
is very suitable for many purposes for which electrical energy 
is required. It is, however, not the type required for eloctro- 
deposition. In alternating current the voltage, and therefore 
the current, changes its direction very rapidly, usually 25 
or 50 times per second. This is called the frequency or periodic - 
ity. For the purposes of electro-deposition the current is 
required all in the same direction, or, as it is termed, uni¬ 
directional . This change is effected by means of a commutator 
built up of a number of insulated copper segments upon which 
play brushes so arranged that at the moment the polarity is 
reversing the segment moves away from the brushes and others 
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come into contact with them, always delivering current to the 
brushes in the same direction. By arranging the rotating 
coils in parallel and series, it is possible to vary the voltage 
and curtfent, these also being influenced by the strength of the 
field magnets and the speed of rotation. 

The dynamo comprises a number of essential parts. These 
include the field magnets, which are excited by current pass¬ 
ing through coils wound upon them. These magnets terminate 
in poles. In earlier types there were two poles. Four is now 
a much more common number. It is between these poles 
that the magnetic field is developed. Their coils are the field 
windings. The current they carry is the exciting current. 
The armature is an iron drum or ring upon which the rotating 
coils are mounted. The magnetic field is concentrated through 
these armature coils, and rotation develops the voltage. The 
armature coils terminate in the commutator segments, from 
which the brushes pick up the current when an external cir¬ 
cuit is provided. The position of the brushes is important, 
and requires careful setting and maintaining, otherwise con¬ 
siderable sparking occurs. To allow for this setting they are 
mounted on a rocker and may require some slight changes in 
position with variations of the load. 

Methods of Excitation. There are several methods of ex¬ 
citing the field coils. They are of considerable importance. 
This excitation may be effected by means of current developed 
in the machine or from an external source. When an external 
source is used the method is that of separate excitation (Fig. 24). 
With current developed in the machine, excitation may be 
effected in three different ways which are illustrated in the 
accompanying diagrams. For ipjample, Fig. 25 shows what 
is called the series system ot excitation, in which the whole of 
the current produced in the machine passes round the field 
coils. Fig. 26 shows the system known as shunt winding, in 
which only a part of the developed current passes round the ex¬ 
citing coils, while Fig. 27 shows a further method of excitation 
(compounding) in which of the whole of the current developed 
in the machine, that used externally passes round the field 
magnets by means of a few coils, while a portion of the current 
passes as a shunt round the field circuit by more numerous 
coils. The differences in the methods of excitation are best 
noted by the variations of the voltage produced with variations 
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of load on the machine. With separate excitation there is 
wide control of the exciting current, and it is therefore easy 



to maintain a constant voltage with variations of load. This 
is obviously very desirable, although it may sometimes not be 



possible to supply current from a separate source. Nowadays, 
where electric supply of the direct current type is common, 
separate excitation, with its great advantages, can be easily 
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applied. In the case of an a.c. supply a separate d.c. exciting 
dynamo can be mounted on the same base. 

In some earlier types of machine the whole of the developed 
current was sent round the field magnets. As the current 
which was first generated by the residual magnetism of the 
field magnets developed, the P.D. increased. This is shown 
in Fig. <28, curve B , where curve A shows what can be done 
with separate excitation. These curves are called characteristic 
curves . This series winding, where the excitation coils are 



Fig. 28. Characteristic Curves 

in series with the main circuit, served the purpose of a number 
of lighting dynamos where the current was not very large. 
The system is altogether unsuited to plating purposes. For 
this, shunt windings have long Iran used. In this system only 
a small proportion of the total current developed is passed 
round the field coils, and this portion is capable of regulation 
by means of a rheostat. When additional current is used in 
the main circuit less is available for the field windings. The 
P.D. therefore falls slightly. This is shown in Fig. 28, curve 
C . This failing off, however, is readily corrected by taking 
out some of the shunt resistance, and thus a practically con¬ 
stant P.D. can be maintained. This type of excitation has 
been much used. 

An advantage—and an important one, too—attaching to 
shunt wound machines is that if by chance there should be 
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some reversal of the current in the main circuit—and this 
might happen if the machine is slowed down with a polarized 
vat still in circuit—the polarization current might suffice with 
a series winding to reverse the polarity of the field magnets 
with a reversal of the current when the machine is restarted. 
This might be disastrous; in any case it is undesirable. Shunt 
windings and separate excitation eliminate this possibility. 
Again, variations of the current in the main circuit can be 
made by quite slight variations of the shunt winding current, 
thus considerably reducing, if not in some cases completely 
eliminating, the need for large resistance coils in the main 
circuit. 

It will be observed that while with series windings the P.D. 
rapidly increases with increase of load, it slightly falls in the 
case of the shunt wound machine. This would suggest a 
combination of the two systems of field windings, to affect a 
practically constant P.D. for varying loads. Such a combined 
system is known as compound winding, and is one largely 
used for electro-plating machines. In fact the combination 
of the two systems can be so effected that a slight increase 
in P.D. results from increased load, this being desirable in 
electro-deposition on a large scale. This system is one of 
over-compounding. 

With the larger type of machines required to-day several 
points are noticeable. Usually these are not belt driven as 
formerly. More commonly an electric motor is directly coupled 
to the dynamo, the combination constituting a motor gener¬ 
ator. The arrangement is compact and very extensively used. 

Again, modern plating conditions demand very much larger 
currents than formerly. has^ been occasioned by the 

much more rapid methods of depdiition and the larger scale 
on which these operations are carried \Out. Large currents are 
particularly required for the deposition of chromium. Motor 
generators having outputs of 1000, 1500, and 2000 amperes, 
and even larger currents are now quite common, and provide 
a striking contrast with the much smaller belt-driven dynamos 
formerly used. These large currents are difficult of commu¬ 
tation with a single commutator. The machine is, therefore, 
constructed with two commutators, thus conveniently dimin¬ 
ishing the dimensions and adding considerably to the facility 
for picking up the current with the brushes. Again, in these 
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larger machines, separate excitation is almost invariably used 
and foolproof devices added to preclude the possibility of 
damage to the machine. 

The Motor Generator. A machine of this type is shown in 
Fig. 29. Its capacity on the output side is 10 volts, 4000 amperes, 
and provides an example of the type in common use for 
chromium plating. 

A number of important features of this type of machine 
will at once be obvious. Not only in construction, but also 
in erection, these machines are the product of the expert elec¬ 
trical engineer. Too often is it assumed that the installation 
of such a machine is merely one of bolting down to some 
sort of foundation. Rather should the responsibility be handed 
over to the electrical engineer with his superior knowledge 
and experience of this important matter. For easy and noise¬ 
less running, several conditions are essential. The two machines 
should be mounted on a common base, which then requires 
an ample foundation of concrete. This metal base is of cast 
iron, which, without being unduly massive, provides that 
rigidity which is necessary for perfect alignment of the two 
components. As an additional precaution for noiseless running 
the machines are then bolted down on to a lead sheet or felt 
layer. 

In setting up such machines, the perfect levelling, or align¬ 
ment, is of extreme importance to prevent the possibility of 
undesirable vibration when running, and of springing of the 
frame, leading to unduly warmed bearings. It will be appre¬ 
ciated that this is by no means an unskilled task. It is one 
which should be undertaken by the engineer with his expert 
knowledge, experience, arid a pp reciation of its importance. 
With these massive madj^M»riubrication assumes consider¬ 
able importance, and the design of the bearings should be such 
as to meet this need adequately. For the same reason, also, 
it is not desirable t6 tighten the machines on to the bed frame 
until, after some running, they have settled down in their 
bearings. 

Another important feature of the machine is the double 
commutator, and, with it, the robust type of brush gear. Too 
much care cannot be taken of this part of the machine, 
otherwise losses occur through sparking, with the undue 
wearing of the commutator. Copper-graphite brushes are in 
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common use. Further, the mounting of the brush gear on 
the rocker necessitates careful insulation. Ample brush area 
must be provided to pick up the current without sparking. 
Further, the speed of the machine should be as low as possible. 
High speed machines are cheaper in construction, but are much 
less efficient in operation. 

The cast-iron bedplate is machined to ensure accurate lay¬ 
ing down on the concrete pfo 


foundation, and also to receive 
the two or three machines. 

Machines for electro-plating 
should be capable of giving 
an overload of at least 25 per 
cent for a reasonable time 
without overheating, and the 
motor should be of such 
capacity as will allow for 
this. The machines are usually 
coupled with a degree of flexi¬ 
bility to permit of slight vari¬ 
ation of alignment. 

In operation, these machines 
should be carefully protected 
from fumes and dust, and, 
while generally boxed in for 
this purpose, should never¬ 



theless be ventilated with Al Pb 


fresh air. 


Fig. 30 . Arrangement of 


A.C. Rectifiers. It will be . Electrodes in Lead 
appreciated that a.c. has no Aluminium Rectifier 

direct application in tjp^.presses of electrodeposition. 
This type of current, however, is more usually distributed from 
the power stations. Its conversion from the usual high volt¬ 
age of distribution to d.c. at suitable voltage for plating is 
usually accomplished by the use of motor generators previously 
described. On the still larger electro-metallurgical scale, these 
two machines are combined in one and called a rotary con¬ 
vertor. Where small currents are required from a.c. the motor 
generator hardly meets the case. A smaller and simpler 
appliance is obviously required. 

This small scale conversion has been effected in several 
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ways, and the methods have been extended to plants of 
large capacity. They will be briefly described. 

The Lead-Aluminium Rectifier. In many electrolytes, 
aluminium as an anode becomes coated with a layer of oxide 
with high insulating properties. Some applications of this in 
the production of protective deposits are referred to in Chapter 
XXIII. When certain phosphate solutions are used the oxide 
film has sufficient insulating power to prevent current leaving 
the plate as an anode but yet allowing it to receive current 
as a cathode. This principle can therefore be used in the 
rectification of a.c. 

In Fig. 30 a suitable arrangement of lead and aluminium 
electrodes is shown admitting of the conversion of a.c. to d.c., 
which can then be used for plating purposes or for charging 
accumulators. The directions of the several currents are 
shown, and also the way in which they are collected together 
to produce unidirectional current. The films of aluminium 
oxide produced will withstand up to 100 volts or more, and so 
can be applied to such a source of a.c. 

Their efficiency, however, is poor, and the arrangement is 
not much applied. It does, however, simply and clearly 
illustrate one method of rectification 

The Westinghouse Metal Rectifier. In this example no solu¬ 
tions are used, the whole of the materials being dry. The 
operation is similar to that of the receiving crystal of the 
wireless set. In the latter there is usually the crystal and in 
contact with it the cat’s-whisker, the crystal having the 
property of allowing current to pass in one direction to a very 
much greater extent than in the other. This effects the 
selection of those portionsjof the waves which are in one 
direction and with other them to such a type as 

can be used in the telephone. \ 

Fundamentally the Westinghouse Rectifier consists of a 
plate of copper upon which is formed % layer of cuprous 
oxide by a special heat treatment. Rectification takes place 
at the junction of the pure metal and oxide layer, which is some 
thousandths of an inch thick. The resistance measured in the 
copper-copper oxide direction is of the order of 1000 times 
that in the opposite direction. Thus a rectifier rated at 
1000 amperes will have a leakage current of about 1 ampere 
corresponding to a no load loss of 0-1 per cent. 
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An electrical connection to the copper is made by mechanic¬ 
ally removing the oxide over a small surface, while the oxide 
is sprayed with zinc to distribute the current evenly over 
the whole of the surface. A number of rectifiers are connected 
together to form a bridge connection giving full wave recti¬ 
fication on single- and three-phase supplies. 

- The chief advantage of the Westinghouse rectifier is its 
permanence. Its life appears to be unlimited from theoretical 
considerations of its operation. Practical experience is 
limited to about twelve years’ continuous service at full load, 
after which no changes in characteristics have been noticed. 

The efficiency is peculiar in remaining practically constant 
from full load down to a quarter load, the value being from 
75 to 80 per cent over this range. The unity power factor of 
the rectifier is important, especially as in some tariff schemes 
the consumer is penalized for a bad power factor. 

The high efficiency maintained down to a low load together 
with the absolute freedom from breakdown, without the 
necessity for any maintenance or replacements, make the 
Westinghouse rectifier worthy of consideration for all sizes. 
A further advantage lies in the fact that no special foundation 
is necessary. In fact, the rectifier may be mounted on a wall. 

Recent improvements in the construction and design of 
these rectifiers have suited them to much larger outputs 
than hitherto, and rectifiers of this type are being used for 
plating where outputs of 2000 amperes or more are required. 

The rectifier necessitates the use of a transformer to reduce 
the voltage to a figure to suit the required output. 

Moreover, where it is desired to run various plating processes 
at the same time, each with varying voltages and currents, 
this may be economical^^chllved by the use of a single 
transformer with a number of tappings on the secondary 
winding, and dividing the rectifier into a number of sections 
each rated at, say, 180 amperes. If a low current at a low volt 
age is required, one rectifier may be energized from the lowest 
voltage available from the transformer, while a higher current 
at a higher voltage may be taken at the same time from the 
same transformer utilizing a higher voltage tapping and 
several rectifier sections joined in parallel. The scheme has 
the great advantage of flexibility, while the efficiency is high, 
no losses in resistances being introduced. 
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A metal rectifier can be damaged only by overheating, 
although it should not be kept in too close proximity to the 
plating baths. If the heat, produced by the losses, can be 
dissipated by forced cooling, the output may be increased. 
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Fig. 31. Westinghouse Metal Rectifier, Single Unit 


The air for this purpose should be free from dust, and should 
therefore be drawn through a fine mesh gauze screen which 
should be periodically inspected and cleaned. 

Fan cooling is economical on outputs of 1000 amperes and 




Fio. 32. Metal Rectifier. Units nr Abries and Parallel 

over, the saving in cost of the rectifier generally not justifying 
the expense of a fan for smaller outputs. A baitbearing squirrel 
cage motor, driving a fan, will run continuously for 12 months 
without attention, while the plant may be automatically 
shut down if the fan stops, if desired. 

The construction of a single unit is shown in Fig. 31, while 
Fig. 32 shows the arrangements of these upits in series and 
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parallel, Fig. 33 showing the form of the input and output 
currents. 

Recent developments in the metal rectifier include the 
change from the copper-oxide element to that of selenium- 
iron. Another and even more important development is the 
introduction of oil immersed rectifiers which replace the fan- 



cooled type described in earlier editions. The “Westalite” 
selenium compound type rectifiers are used in all oil-cooled 
models instead of the copper-oxide type which has previously 
been used in fan-cooled sets, but the important feature from 
the practical point of view is the development of the use of 
oil as a cooling medium for electro-plating rectifiers. The 
main advantages are that the rectifier elements, being oil 
immersed, are immune from the highly corrosive atmosphere 
of the plating shop and rectifier tanks may be placed adjacent 
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to the vats which they supply, thus limiting the amount of 
bus-bar necessary and minimizing the voltage drop in the 
bars. 

The efficiency of these modern rectifiers is slightly higher 
than that of those previously in use, and there appears to be 
justification in stating a general figure of 80-85 per cent which 
also remains practically constant down to a quarter of full 
load. 



Fic;. 34. West a litk Rectifier .Set 


Concerning the sizes of these modern sets, those for 5000 
amperes output are frequently built, while the major demand 
is for sets of 1000 to 3000 amperes. Equipments are still built 
in sections and the larger single oil-filled rectifier tank will 
handle 2000 amperes at 8 volts. For higher currents tanks are 
joined in parallel. 

Fig. 34 show^jm equipment comprising three sections, viz. 
rectifier, main transformer and fSp&itor. 




CHAPTER VII 

PROPERTIES OF ELECTRO-DEPOSITING SOLUTIONS 

Essential requirements of electro-plating solutions—Metal content— 
Conducting salts—Density of solutions—The specific gravity bottle 
—Hydrometers—Effect of drag-out—Acidity—pH value—pH of 
plating solutions—Making the pH test—The capillator—The Hellige 
comparator—The B.D.H. Lovibond comparator—pH test papers— 
Addition agents—Colloids—Throwing power—Factors influencing 
throwing power—Quantitative expression—Throwing efficiency— 
British {Standards Institution Scale 

Essential Requirements of Plating Solutions. Obviously, de¬ 
positing solutions are required to exhibit a number of proper¬ 
ties, and while all those desirable may not be found in any 
single solution as many as possible should be aimed at. 

1. They should contain a large proportion of metal. 2. Good 
conductance is necessary to reduce the energy absorbed in 
the process. 3. They must be stable not only to the metal to 
be plated but also to the air, though this qualification is not 
met by the cyanides which are continuously being decomposed 
with the evolution of hydrocyanic acid and the accumulation 
of carbonates in many solutions. 4. They should effect good 
anode solution, thereby maintaining the metal content of the 
solution. 5. They should produce regular and adherent 
deposits. 6. They should “throw” well. 7. If possible, they 
should combine all these properties in a solution of compara¬ 
tively simple composition capable of simple analyses. 

Upon working, however^a^olution of quite simple original 
composition may easily bfteome more complex owing to the 
production of new compounds as the reactions proceed. In 
some cases it is difficult to trace exactly these new substances, 
and to add them to the original solution. It is generally 
agreed that after some use a solution works better than an 
entirely new one. This is called ageing . 

Metal Content. While at first it might be thought an all- 
important matter to have a high metal content, experience 
proves that this is by no means an infallible guide. Metal 
content is one thing, but metal ion concentration around the 
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cathode is even more important. A usual copper sulphate 
solution containing 200 gm. of the blue salt per litre has only 
one-quarter of this blue salt in the ionized form. Instead, 
therefore, of a metal content of 50 gm. per litre, we are more 
concerned with the 12 gm. of copper in the ionic form. The 
introduction of sulphuric acid lowers this copper ion concen¬ 
tration and this is found to enhance the value of the solution 
in spite of the reduced copper ion concentration. A reduced 
metal ion concentration increases the power of the solution 
to deposit in recesses. This is later referred to under the term 
“throwing power.” Generally, however, a higher metal con¬ 
centration admits of a higher ion concentration. A value of 
the metal content is a better expression of the strength of a 
solution than the varying amounts of the different salts used 
to supply this metal. 

Conducting Salts. Metallic compounds, however, are not 
usually good conductors, and the addition of other salts 
which, freely dissociating, contribute to conductance, is 
essential to many solutions. A very wide choice is available, 
and many sulphates and chlorides have been applied to this 
purpose. Other properties also determine the choice. Where 
possible, the mineral acids are employed in that they provide 
hydrogen ions which migrate rapidly and thus make an im¬ 
portant contribution to the conducting power. Where these 
stronger acids are not permissible to any extent, as, for 
example, in the “acid” baths for nickel, iron, cobalt, and 
zinc, neutral salts must be employed. Of the sulphates, those 
of sodium, potassium, ammonium, and even magnesium have 
been used. Chlorides, as those of sodium and ammonium, are 
frequent additions. These salts offer other advantages upon 
which their selection must finalljppest. When required, they 
should be added in known quantity*, and kept under control. 

Each constituent of a solution should have some definite 
purpose to serve, and it should be present and maintained 
in the best proportion to serve that purpose. 

Other salts are frequently added. “Free cyanide” in all 
cyanide solutions is essential. Periodical tests should be made 
to ascertain whether the amount present is adequate or not. 
Failing a regular test, the condition of the anodes is likely to 
reveal deficiencies in free cyanide. If the matter can be cor¬ 
rected by test before this deficiency occurs, it is all to the good. 
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Still other salts form during the process. All cyanides, for 
example, are subject to decomposition by the action of the 
acid in the air, and also even by that of carbonic acid gas. 
The latter reaction is more prevalent. Carbonates result thus— 

2NaCN + H 2 0 + C0 2 = Na 2 C0 3 + 2HCN 

These in controlled quantities are beneficial rather than detri¬ 
mental. They contribute to conductance, and for this reason 
are frequently added. As they invariably form in cyanide 
solutions, their original addition need only be in small amounts. 
Sooner or later, however, as they are not automatically 
removed, they may accumulate to an undesirable extent. 
Masses of carbonate crystals may then appear on the sides 
and at the bottom of the tank. The greater solubility of 
potassium carbonate may be regarded as a point in favour of 
potassium cyanide in preference to the sodium compound, 
the carbonate of which is very much less soluble. 

Density of Solutions. Rather too much emphasis has formerly 
been laid on the density of plating solutions. This information 
is of the greatest value where there is one main constituent. 
This happens in the chromium bath and in some nickel 
solutions. Then density, which may readily be determined by 
one or other form of hydrometer, constitutes some guide as to 
the metal content of the solution. Where, however, other 
salts are added, density determinations lose much of their 
former significance. The density of any one of the usual 
cyanide solutions, for example, provides no indication as to 
its metal content owing to the presence of other salts in large 
quantities. 

In the acid copper bath it is usually reckoned that the 
copper compound and the*JWftd equally contribute to density, 
so that the density provides an approximate estimate of 
the combined bluestone and acid. The determination of the 
latter, which to the chemist is a very simple matter, admits of 
the computation of the copper sulphate, and, therefore, of the 
copper in the solution. 

Specific Gravity Bottle. The use of a small bottle of the type 
shown in Fig. 35 provides an accurate method of determining 
the density of a liquid. The bottle is first carefully dried outside 
and inside and weighed. The drying of the inside can best be 
effeoted by warming the bottle after rinsing with distilled 
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cathode is even more important. A usual copper sulphate 
solution containing 200 gm. of the blue salt per litre has only 
one-quarter of this blue salt in the ionized form. Instead, 
therefore, of a metal content of 50 gm. per litre, we are more 
concerned with the 12 gm. of copper in the ionic form. The 
introduction of sulphuric acid lowers this copper ion concen¬ 
tration and this is found to enhance the value of the solution 
in spite of the reduced copper ion concentration. A reduced 
metal ion concentration increases the power of the solution 
to deposit in recesses. This is later referred to under the term 
“ throwing power.” Generally, however, a higher metal con¬ 
centration admits of a higher ion concentration. A value of 
the metal content is a better expression of the strength of a 
solution than the varying amounts of the different salts used 
to supply this metal. 

Conducting Salts. Metallic compounds, however, are not 
usually good conductors, and the addition of other' salts 
which, freely dissociating, contribute to conductance, is 
essential to many solutions. A very wide choice is available, 
and many sulphates and chlorides have been applied to this 
purpose. Other properties also determine the choice. Where 
possible, the mineral acids are employed in that they provide 
hydrogen ions which migrate rapidly and thus make an im¬ 
portant contribution to the conducting power. Where these 
stronger acids are not permissible to any extent, as, for 
example, in the “acid” baths for nickel, iron, cobalt, and 
zinc, neutral salts must be employed. Of the sulphates, those 
of sodium, potassium, ammonium, and even magnesium have 
been used. Chlorides, as those of sodium and ammonium, are 
frequent additions. These salts offer other advantages upon 
which their seleetion must finaUy^st. When required, they 
should be added in known quantities, and kept under control. 

Each constituent of a solution should have some definite 
purpose to serve, and it should be present and maintained 
in the best proportion to serve that purpose. 

Other salts are frequently added. “Free cyanide” in all 
cyanide solutions is essential. Periodical tests should be made 
to ascertain whether the amount present is adequate or not. 
Failing a regular test, the condition of the anodes is likely to 
reveal deficiencies in free cyanide. If the matter can be cor¬ 
rected by test before this deficiency occurs, it is all to the good. 
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Still other salts form during the process. All cyanides, for 
example, are subject to decomposition by the action of the 
acid in the air, and also even by that of carbonic acid gas. 
The latter reaction is more prevalent. Carbonates result thus— 

2NaCN + H 2 0 + C0 2 = Na 2 C0 3 + 2HCN 

These in controlled quantities are beneficial rather than detri¬ 
mental. They contribute to conductance, and for this reason 
are frequently added. As they invariably form in cyanide 
solutions, their original addition need only be in small amounts. 
Sooner or later, however, as they are not automatically 
removed, they may accumulate to an undesirable extent. 
Masses of carbonate crystals may then appear on the sides 
and at the bottom of the tank. The greater solubility of 
potassium carbonate may be regarded as a point in favour of 
potassium cyanide in preference to the sodium compound, 
the cdrbonate of which is very much less soluble. 

Density of Solutions. Rather too much emphasis has formerly 
been laid on the density of plating solutions. This information 
is of the greatest value where there is one main constituent. 
This happens in the chromium bath and in some nickel 
solutions. Then density, which may readily be determined by 
one or other form of hydrometer, constitutes some guide as to 
the metal content of the solution. Where, however, other 
salts are added, density determinations lose much of their 
former significance. The density of any one of the usual 
cyanide solutions, for example, provides no indication as to 
its metal content owing to the presence of other salts in large 
quantities. 

In the acid copper bath it is usually reckoned that the 
copper compound and the*aeid "equally contribute to density, 
so that the density provides an approximate estimate of 
the combined bluestone and acid. The determination of the 
latter, which to the chemist is a very simple matter, admits of 
the computation of the copper sulphate, and, therefore, of the 
copper in the solution. 

Specific Gravity Bottle. The use of a small bottle of the type 
shown in Fig. 35 provides an accurate method of determining 
the density of a liquid. The bottle is first carefully dried outside 
and inside and weighed. The drying of the inside can best be 
effected by warming the bottle after rinsing with distilled 
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water and then blowing a current of air through it, thereby dis¬ 
placing the water vapour formed. The dried bottle is then 
weighed. It is filled with distilled water and as the stopper is 
inserted excess water is expelled, the last traces passing through 
the fine orifice in the stopper. The outside is then carefully 
dried and the bottle again weighed. Assume for the moment 



Fig. 35. Specific 
Gravity Bottle 



Fig. 36 
Hydro¬ 
meter 


that one gramme of distilled water occupies one cubic centi¬ 
metre (which, strictly speaking, it only does at a temperature 
of 4° C.) this indicates tfie volume of the bottle in cubic 
centimetres. The water is run outand the inside of the bottle 
washed several times with small quantities of the liquid to be 
tested and finally filled with this liquid and weighed again. 
We thus get the weights of equal volumes of water and the 
liquid from which the density of the latter is found by dividing 
its weight by that of the water. This method is well worth 
resorting to on a number of occasions. Obviously when once 
the weight of the contained water has been determined it 
applies to all future tests. Further the bottle can be counter¬ 
poised by a carefully adjusted lead weight. 

It is suggested that the accuracy of doubtful hydrometers 
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can be reliably checked by the use of the bottle, this being easy 
of manipulation and accurate in handling. 

Hydrometers. For workshop purposes the density is usually 
taken by means of hydrometers (Fig. 36), of which several 
types are in common use, differing mainly in the value of 
their scale readings. 

The Twaddell instrument is usually put up in sets of six 
with the following ranges-- 


No. 

Scale B ea ding 

Density Range 

1 

0-24 

1-00-1-12 

2 

24-48 

1*12-1 *24 

3 

48-74 

1*24-1-37 

4 

74-102 

1*37-1*51 

5 

102-138 

1*51-1-69 

0 

138-170 

1*69-1*85 


This scheme allows of opening out what would be on a 
single instrument a very cramped scale. 

•Scale readings are converted to density by the following 
formula or any of its simple variations— 

(iV x 5) + 1000 

1000 “ 

or ° = 1 000 + 200 

where N is the reading on the scale. 

The Beaume instrument has a different relation between 
scale reading and density. It is made for liquids both heavier 
and lighter than water, the relevant formulae being— 

For liquids heavier than vr06t 

D *= —It 4 .. 

144 - N 

For liquids lighter than water 

/>= --Jit- 

134 + N 

where, again, N represents the scale reading. 

In other types the density is read directly, the graduations 
varying from 1000 (representing unity) upwards so that the 
density is one-thousandth of the observed reading. 

5 —(T.5646) 
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Other instruments are also made, with various names, on 
which, in some cases, some of these well recognized scales are 
used without reference to the densities which they represent 
For them there should be no use in the workshop of to-day. 

Details of these hydrometer scales and their relevant 
densities will be found in Tables XXXIV and XXXV. 


TABLE XXXIV TABLE XXXV 

Twaddell Hydrometer Beaume Hydrometer 


Degrees 

0 

2 

4 

| Sp. Hr. 

1000 

1010 

1020 

Degrees 

Sp. 

Heavier 

than 

Water 

Gr. 

Lighter 

than 

Water 

6 

1-030 




8 

1-040 

0 

1*000 


10 

1-050 

2 

1-014 


12 

1-060 

4 

1*029 


14 

■ 1070 

6 

1-043 


16 

1-080 

8 

1*059 


18 

1-090 

10 

1*075 

1-000 

20 

MOO 

12 

1*091 

0-986 

25 

1 1-125 

14 

1-108 

0-973 

30 

1 1-150 

16 

1-126 

0*960 

35 

1*175 

18 

1*143 

0-948 

40 

1*200 

20 

1*161 

0*935 

50 

| 1*250 

22 

1*180 

0*922 

60 

1*300 

24 

1-200 

0-911 

70 

, 1*350 

26 

1-220 

0-900 

80 

1*400 

28 

1-242 

0-889 

90 

i 1*450 

30 

1*263 

0-878 

100 

1*500 

40 

1*385 

0*828 

120 

1*600 

50 

1*532 

0-783 

140 

1*700 

60 

1*714 

0-742 

160 

1*800 

70 

1-946 

0*706 

170 

1*850 

7&^ 

2-087 

0-689 


Effect of “ Drag-Out.” In continuous,use there must be a 
considerable loss of solution due to that adhering to the surface 
of withdrawn work. In the case of the more precious metals 
there is some care in utilizing a first wash water from which 
the precious metals may be recovered. This practice does not 
obtain in the case of the more common metals. The losses 
cannot, however, be ignpred. They can be estimated with 
tolerable accuracy. By an analysis of a solution after a definite 
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interval, the loss of any single constituent might be taken as 
some measure of this drag-out. This, however, could only 
apply in cases in which it was certain that the anode and 
cathode efficiencies balanced. With both the acid copper and 
nickel baths this might reasonably be assumed. For example, 
the following are the results of the analysis of a nickel solution 
after a period of six months— 

Single nickel salts . from 283 to 252 gm. per litre 

Sodium chloride. . from 6*82 to 61 gm. per litre 

There is a marked depreciation in both of these figures. More¬ 
over, they are of the same order. This can be seen by taking 
the ratio of the nickel salts to the sodium chloride. At the 
commencement of the period this value is 283 -f- 6-82 = 41*6 
while at the end of the period it is 252 6-1 = 41*3. The 

practically constant ratio is indicative that both compounds 
have been lost in the same proportion. Any marked variation 
of this ratio might be taken to indicate variations in the anode 
and cathode efficiencies, but with modern anodes and methods 
of operating the solution, these do not frequently arise. The 
proportional loss of nickel salts over the period in question is 
therefore— 

283 - 252 
283 

representing an annual loss of 22 per cent. This may be 
regarded as somewhat excessive, but in this particular bath, 
a large amount of tubular work was being done without corking 
up the open ends. Only careful draining of individual parts 
would succeed in reducing the loss. 

Another interesting case can be referred to. In one example 
of deposition, an alloy of nickel and cobalt was being deposited, 
the cobalt content in the alloy being of the order of 15 per cent. 
Nickel anodes were use£, additions of cobalt sulphate being 
made from time to time. According to theory there should be 
a steady increase in the nickel content of the solution equiva¬ 
lent to the amount of cobalt added. This, in fact, was observed 
by analysis in an experimental tank which was worked in¬ 
tensively (that is, a large number of ampere hours in propor¬ 
tion to the volume of solution) and in which all the work was 
washed with distilled water so that the washings fell back into 
the tank thereby making good the loss of water occasioned by 
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the elevated temperature at which the solution was used. On a 
commercial tank, however, this anticipated increase in nickel 
content did not mature, the nickel remaining practically con¬ 
stant. The anticipated increase in nickel content was exactly 
balanced by the drag-out loss which was thus measurable in 
terms of the ampere-hours put through. 

The whole matter of drag-out suggests that more care might 
be taken in draining and rinsing work leaving the vat, not only 
from the point of view of economy, but also that of keeping the 
solution more nearly to its original and presumably required 
composition. 

Acidity. The acidity of many plating solutions is of vital 
importance. In the case of the copper sulphate bath it is high 
and very variable. In nickel, zinc, and iron solutions the 
amount of acid admissible is very much smaller, and needs to 
be under careful control. Many defects in nickel-plating arise 
from too great acidity. Yet sulphuric acid is being formed 
at the anode if this electrode is not functioning properly. 
This is evidenced by the appearance of gas (oxygen) at the 
anode and later by gas (hydrogen) at the cathode. The 
whole matter deserves some consideration with a view to 
an intelligent appreciation of the methods of control. 

When an acid is added to a solution the whole of it does 
not function in the reactions. Only that portion which is 
ionized is of any account. What we are concerned with is not 
so much the total amount of the acid added as that portion 
which has dissociated, or the proportion of hydrogen ions 
produced. The term acidity means the concentration of these 
ions, as these are wholly responsible for the properties which 
characterize the acids. Hydrogen ion concentration is a term 
of considerable importance to jfefae electro-plater. It calls for 
exact definition. 

Now the usual methods of adding acid and estimating it in 
a solution offer no guide to acidity, ^faich refers to the con¬ 
centration of the hydrogen ions without any variation of l5his 
value which would be occasioned by the addition of neutral¬ 
izing substances. In the following expression 

H 2 S0 4 ;£2H- + S0 4 -- 

we have represented the fact that the total acid is in two forms. 
First, there is that which is molecular and non-conducting. 
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It is only indirectly of any importance in the solution. 
Secondly, there is the portion which, having dissociated, has 
produced the essential hydrogen ions. If by any means these 
hydrogen ions are removed, more are formed by the further 
dissociaton of the molecular acid. The concentration of these 
hydrogen ions is the critical matter. 

pH Value. A scale of hydrogen ion concentration which 
has come into universal use is called the pH scale. Its basis 
will be seen from the following table. 

TABLE XXXVI 
The pH Scale 

Litres containing one gram 
H ions 


1 

10 

100 

1000 

10000 • 
100000 
1000000 


10 ° 

10 1 

10 2 

10 3 

10 4 

10 6 

10 6 


pH 


0 

1 

2 

3 

4 

5 

6 


Thus if we have 1 gm. of hydrogen ions in 100 litres of 
solution, the pH value is 2. As the acidity increases the pH 
value decreases. This is a scale which will soon become fami¬ 
liar, and has been applied in many departments of scientific 
and industrial work. 

In pure water there is a very small proportion of hydrogen 
ions due to a little dissociation of the water. Ordinarily these 
are balanced by the OH ions also present. They can, never¬ 
theless, be detected and measured, and thus water, which is 
ordinarily neutral, has a pH value which is of the order of 7 
or more, meaning that in pure water we have 1 gm. of 
hydrogen ions in more than 10,000,000 litres of the liquid. 
Even alkalis contain some hydrogen ions, but these are more 
than balanced by the preponderance of OH ions which 
characterize alkalis. The hydrogen ion concentration in 
the strongest alkali solutions is represented by a pH value 
of 14, meaning that we have 1 gm. of hydrogen ions in 
100 , 000 , 000 , 000,000 litres of the alkali. 
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pH Values of Plating Solutions. Now it has come to be 
recognized in recent years that this pH value is of considerable 
importance in many plating solutions, and a simple method 
for its determination is essential. There are several methods, 
but the one which is best adapted to the workshop is carried 
out by means of a series of indicators which gradually change 
their colours with varying pH values. They differ from the 
ordinary indicators used by the chemist such as litmus, methyl 
orange, and phenolphthalein. These have varying degrees 
of sensitivity, as shown in Table XXXVII. 

TABLE XXXVIL 
Common Indicators 


Indicator 

1 Colour 

i i 

j Acid j 

Alkali 

pH Range 

Litmus 

. ! red j 

blue 

5-8 

Methyl Orange 

. 1 pink ! 

yellow 

2*9-40 

Congo Red . 

. | blue j 

red 

3-5 

Phenolphthalein . 

. j colourless , 

violet 

! 8-3-10 


Now a number of these indicators are chemical compounds 
of the type of very weak acids which may be denoted by the 
simple but general formula HX where X is the acidic radical. 
In water they ionize thus— 

HX->H*4 X~ 

In the case of methyl orange, HX is a pink compound. 
Hydrogen ions are colourless while the acidic radical X is 
yellow. In water the solution is orange, intermediate between 
the pink compound and the yellow X radical. The addition 
of alkali removes the hydrogen ions with the accumulation 
of X radicals, while the addition of acid, or what amounts to 
the same, hydrogen ions, suppresses the dissociation with the 
elimination of the yellow X radical and the production of the 
pink compound. Other indicators including litmus and 
phenolphthalein behave in a similar manner. 

It will be seen that litmus is far more sensitive than methyl 
orange, while phenolphthalein is also very sensitive. Usually 
it served if the nickel bath was sufficiently acid to affect litmus 
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but not methyl orange or congo red. This meant a pH value 
of the solution between 4 and 6. More exact determinations 
are now agreed to be necessary. For this purpose there are 
some indicators which change their colours appreciably with 
small changes of pH. Some of these are given in the following 
table— 

TABLE XXXVIII 
pH Indicators 


Indicator 

1 Colour Change 

pH Range 

Thymol blue 

Red to yellow 

1-2-2-8 

Brom-phenol blue 

Yellow to blue 

30-4-6 

Methyl red 

Red to yellow 

4-4-60 

Brom-cresol purple 

Yellow to purple 

5-3-68 

Brom-thymol blue 

Yellow to blue 

6 0-7-6 


It will be seen that these indicators cover a very wide range 
of acidity, though each has a somewhat limited range. 

There are, however, a few indicators which give decided 
colour changes over practically the whole of this scale. These 
are commonly called universal indicators. By their use it is 
possible to determine at once the approximate pH value, 
and then, by the application of one or other of those mentioned 
above, to obtain its more exact value. 

These indicators are of great value in the electrd-plating 
room. Ordinarily for nickel-plating the pH value should be 
from 5-2 to 5*8. The figure varies somewhat for the different 
types of plating. The indicator most commonly used, there¬ 
fore, is brom-cresol purple. 

Making the pH Test. The preparation of the standard 
colours for this testing is a task which must be considered 
outside the range of the electro-plater. He will, therefore, 
usually purchase his testing set. The standard colours are 
set up in very convenient forms, to four of which brief reference 
will be made. 

1. The Capillator (Fig. 37). The set includes one or more 
of these series of colours with a supply of capillary tubes, 
which, fitted with small rubber bulbs, serve as pipettes. 
Standard indicators are also included in the set as required. 
By means of these pipettes equal volumes of the solution and 
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indicator are mixed and the mixture drawn back into the 
pipette and compared with the series of standards. There is 
little difficulty in effecting a comparison, and the pH value 
is thus readily determined. While, at first, the idea of pH 
testing seemed remote from workshop practice, the operation 
has been reduced to one of extreme simplicity, and is regularly 


BROMO-CRESOL PURPLE 



Fig. 37. Thu: Caimllatok 


practised in many workshops. A little oral instruction will 
prove of immense value rather than a written detailed 
description. 

2. The Hellige Comparator. The permanence of the 
standard colours in the solution form may be open to doubt. 
Their substivutiou by permanent colours is at least desirable. 
This is reah'/.ed in thi Hellige comparator. In a convenient 
form adapted to tin*, plating shop this set, which is shown in 
Fig. 38, comprises a disc, containing the graded standard 
coloured glasses, which is movable in a box so that the colours 
may be brought side by side with a sample of the plating 
solution, to which a definite volume of standard colour solution 
has been added. From a comparison of colours bv transmitted 
light the pH value is readily read off. 
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A special disc is required for nickel solutions in which com¬ 
pensation is made for the green colour of the nickel solution. 
A suitable range of pH values in a disc for nickel solutions 
is from 5*2 to 6-8 with brom-cresol purple or from 4*4 to 6*0 
with methyl red. 


COMPARISON 

APERTURES 



Fig. 38 . Hellige Comparator 

Again it may be said that a little practice following the 
instructions supplied with the set is of much more value than 
a lengthy written description. 

The same principle of pH determination is applied in many 
other departments of industrial analysis. 

3. The B.D.H. Lovibond Comparator. The usual type of 
Lovibond comparator has been modified by the B.D.H. to 
adapt it to the more accurate determination o r the pH of 
strong nickel solutions (Fig. 39). For this purpose two colour 
discs are used, one for solutions containing 120 gm. of crys¬ 
talline nickel sulphate per litre and t he other for solutions con¬ 
taining 200 to 250 gm. per litre. These discs are adapted to 
the use of the usual indicator, viz. bromo-cresol purple. While 
this correction gives a very reliable figure it is nevertheless 
pointed out that all colour indicator figures for pH differ 
somewhat from those obtained by the electrometric method. 
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This latter method ranks as the most accurate, but involves the 
use of apparatus which must be regarded as outside the range 
of workshop practice. Moreover, the corrections which need 
to be made are not so simple that they can be expressed in any 
single figure. They have therefore been determined on a num- 



Fio. 39. B.D.H. Lovibonh Comparator 


ber of solutions typical of those used in the practice of nickel- 
plating, and the determined corrections are given in the 
following table (XXXIX) these corrections constituting deduc¬ 
tions to be made from the apparent pH value as determined 
by the colour comparison method. 

4. pH Test Papers. Recently pH test papers have been intro¬ 
duced giving a pH reading by the mere immersion of the test 
paper into the solution. These papers, in the form of strips, 
carry a number of narrow bands the centre one of which com¬ 
prises the test indicator material (A) on either side of which 
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are coloured stripes corresponding to the changes of colour 
which are developed with solutions of slightly varying pH. 
In making the test the paper is immersed in the nickel solution 
and the pH is obtained by a comparison of the colour produced 
by the indicator strip with the standard colours on either side. 


A 



5'Z 55 58 51 64 67 

Fig. 40 . rH Test Paper 


The paper is obviously limited to a somewhat narrow range of 
pH, but this may easily cover the usual range for the ordinary 
compositions of the nickel bath. The diagram (Fig. 40) is 
sufficient to indicate the type of test paper. 

TABLE XXXIX 

Table showing Concentration in Grams per Litre of Various 
Solutions and the Figure to be Deducted from the Apparent 
pH Value to Allow for Salt Error 


Nickel sulphate crystallized 

240 

240 

240 

210 

120 

Nickel chloride crystallized 

— 

30 

— 

— 

— 

Boric acid .... 

30 

30 

30 

30 

— 

Potassium chloride . 

19 

— 

— 

— 

8 

Potassium sulphate . 

— 

— 

22 

— 

— 

Ammonium sulphate 

— 

— 

— 

— 

22 

Correction in pH divisions 

0-5 

0*55 

0-55 

0-5 

0-2 


Addition Agents. It is well-known that even trifling quan¬ 
tities of certain substances added to a depositing solution 
markedly influence the physical nature and the mechanical 
properties of the resulting deposit . Sometimes these changes 
are detrimental and the substance requires removal. With 
other substances the addition effects a vast improvement in 
the character of the deposit. Such substances are, therefore, 
desirable additions, and the best quantities require determina¬ 
tion and maintenance. Carbon disulphide in the silver solution 
giving a bright deposit, sugars in the zinc solution, and peptone 
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in lead perchlorate are illustrations of this phenomenon. 
Many others will be referred to in the subsequent chapters 
dealing with the deposition of the several metals. Sometimes 
these results are so profoundly beneficial that their addition 
proves the salvation of the process. In any case, they have 
attained very wide use in the modern processes of electro¬ 
deposition. 

Addition agents are, perhaps, well defined as “substances 
which, while not necessary ingredients, are intentionally 
added to metal depositing solutions in small quantities to 
produce a beneficial change in the character of the deposit. 1 * 

Features of Addition Agents. A number of special 
features mark the use of these materials. In the first place it 
is often surprising how small an amount will effect the desired 
change. Moreover, there is quite a small range of concentra¬ 
tion of the material. With an excess the result may be far 
worse than that with no addition at all. Control of the 
quantity is all-important. 

Further, there appears to be some consumption of the addi¬ 
tion agent, this being absorbed to a limited extent in the 
deposit, and therefore requiring further addition to the solu¬ 
tion. Control is essential. Testing the amount present by 
chemical analysis is often far too difficult a proposition to be 
of practical value. Control must, therefore, be effected by a 
careful study of the character of the deposit. It may in some 
cases be possible to ascertain the actual consumption of the 
material and make additions in accordance with it, but in no 
case should these additions be made without a record being 
kept. The information thus obtained is of immense value in 
tracking down the usefulness of the substance, and the data 
thus available contribute to the further study of what can at 
first only be regarded as a mysterious subject. 

Mystery certainly attaches to the fact that no single addition 
agent is equally applicable to two solutions. Each solution 
requires its specific “drug,” if this term can be allowed. 
Thus it has been shown by Mathers & Guest* that while 
glycerine is useful in the acid zinc solution—and then only at 
low current densities—it serves no useful purpose in copper 
or nickel solutions. 

There seems to be no fundamental principle underlying the 
* Trans. Amer. Elecirochem. Soc. t 1941. 
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use of these materials. It may, however, be that, when we 
know more about the manner in which they act, we may be 
able to anticipate the possible results of certain additions, and 
wait for the experiment only to confirm the anticipation. Up 
to recently, however, the main success has been achieved 
simply by repeated trials of numerous substances. 

It has sometimes happened that the results obtained have 
been due not particularly to the substance added, but to a 
small trace of impurity in it. Such an observation then led to 
the examination of the impurities, and so tracking down the 
actual material responsible for the change. Even the change 
of wood lining in a vat has produced a wonderful change in the 
character of the deposit obtained from the contained solution, 
the result disappearing as the material worked out of the wood 
and into the deposit. A watchful eye on all such phenomena 
is of immense value. 

Colloids. Addition agents are usually colloidal, and this 
term requires some explanation, being of frequent use. Colloids 
are not any particular kind of substances. They may perhaps 
be well defined as “ Ultramicroscopic particles between the 
dimensional range of solutes and suspensions which, carrying 
electrical charges, are amenable to migration (to electrodes) 
under the influence of an applied P.D.” Suspensions are sub¬ 
stances reduced to a fine state of division, which, if they are 
insoluble, enable them to remain suspended for a long time in 
water or other liquid, but which are large enough to be separ¬ 
ated by filtration. They have no special electrical properties, 
and are usually big enough to be seen with the ordinary 
microscope. Very, very much smaller than these particles, are 
the molecules which, with soluble substances, so intimately 
mix with the solvent as to constitute a molecularly homogen¬ 
eous mixture. The molecules are too small to be seen indi¬ 
vidually with the most powerful microscope, and are not 
electrically charged. Now the suspensions are roughly about 
100 times as large as the molecules, and between the two 
dimensions we can easily imagine that it should be possible to 
get at least some material too fine to be filtered out and too 
coarse to be regarded as molecules. Materials in this range of 
dimensions are said to be colloidal. The colloid particles are, 
however, electrified, and mainly owe their unique properties to 
the electrical charges they carry. Some migrate to the anode 
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and others to the cathode. One or two features of this colloid 
motion are of interest in this connection. 

Many of the metals can be produced in the colloidal form. 
For example, it is possible to get such metals as platinum, 
gold, and silver, metals which are ordinarily regarded as quite 
insoluble in water, into such intimate contact with water as to 
appear to be soluble, and to impart a characteristic colour to 
the water. Curiously enough, these colloidal metals carry a 
negative charge, and therefore migrate to the anode. Other 
colloids, and gelatine is one of them, change their charge with 
change of concentration of the acid in a solution. 

Now, for the colloids to influence deposits they must, in the 
first place, migrate to the cathode, and they are usually trace¬ 
able in the deposit. Several explanations of their beneficial 
influence have been offered. By absorption in the deposit they 
may cause the metal to collect as very small crystals, and 
this would conduce to smooth deposits. This is quite likely. 
Alternatively, the following view has been advanced. A 
cathode may have a number of small points at which some 
irregularity has occurred. This may have been due to some 
irregularity on the surface when put into the solution. It may 
have been occasioned by the collection of dirt from the solu¬ 
tion, the metal growing over the dirt particle giving a rough¬ 
ness which ordinarily becomes accentuated. These rough 
points then pick up more than their share of the current 
because they are somewhat nearer the anode. They grow 
rapidly. This is common experience. This excessive current 
brings the particles of the colloid, when such is present, to these 
conspicuous points, and as they are by no means completely 
absorbed they constitute a layer of non-conducting material 
round the points at which they have become largely collected. 
It is well-known that such colloids markedly increase the 
resistance of the bath forming insulating layers of high re¬ 
sistance materials on the electrodes. Thfe congestion of colloids 
at the rough points diverts the current from them for a time, 
until the general level of the metal builds up to them, thus 
producing a smoother deposit. 

Neither of these explanations may wholly account for the 
observed facts. They do, Jiowever, provide a simple explana¬ 
tion and this is more satisfactory than no explanation at all. A 
wider appreciation of the properties of these colloids might 
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profitably be sought and provide a more complete explanation 
of the smoothness which they occasion in electro-deposits. 

Many examples of these addition agents will come to notice in 
dealing with the separate solutions for the deposition of metals. 

Throwing Power. Throwing power in an electro-depositing 
solution may be defined as the ability of the solution to pro- 



Fig. 41. Throwing Fig. 42. Throwing 


Power Power 

duce even deposits on irregular surfaces. It is certainly one 
of the most important properties. 

Consider the conditions illustrated in Fig. 41. Assume that 
the whole of the resistance of the bath is that of the solution. 
This being so, and there being a constant P.D. between the 
electrodes, the portion of the cathode marked (a) being twice 
the distance from the anode of another portion marked (6) 
will receive, per unit area, only one-half of the current, and 
therefore one-half of the deposit of that produced at (6). 
This in general is not the result required. A more uniform 
deposit would, in most cases, be considered more desirable. 

By increasing the distance between the anode and work the 
relative distances between of (a) and (b) from the anode are 
more nearly alike. (See Fig. 42.) This should mean a more 
uniform current, and, therefore, more even deposit over the 
whole surface. This is known and commonly practised, 
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although increasing the resistance of the bath, and, therefore, 
the P.D. necessary to maintain the required current density. 
While the subject will not be treated in a full, quantitative 


rill 

/ 2 3 

_+ _ 

Fig. 43. Throwing Power 
(Arrangement of electrodes for simple test) 

manner, at least some weighings of deposits can easily be made 
to explore the problem in a simple manner. In Fig. 43 a single 
anode, A, supplies the metal for three cathodes of equal area 


_ 1 +_ 1 

1 



/ 







Fig. 44. Throwing Power 
(An alternative arrangement of electrodes) 


and arranged as shown. The cathodes are in parallel, and 
therefore represent different parts of the same piece of work. 
After a current has been passing for some time these cathodes 
are weighed separately. These increases are recorded in Table 
XL as percentages of the whole deposit. 
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TABLE XL 
Throwing Power 



Percentage Deposit on Cathodes 

Solution 

1 

2 

3 

Acid copper . 

65-7 

19-5 

14-8 

66 

21 

13 

Cyanide copper 

37 

31-5 

31-5 

Zinc sulphate 

70 

171 

12-9 


74 

18-6 

7-5 

Zinc cyanide 

431 

32-8 

24-1 

Alkaline zinc cyanide 

38-3 

31-6 

30-1 

40-4 

33-7 

25-9 


An alternative arrangement of the cathodes is shown in 
Fig. 44. A similar experiment gave the similar percentages 
recorded in Table XLI. 


TABLE XLI 
Throwing Power 


Solution 

Percentage Deposit on Cathodes 

1 

i 2 

! 3 

i 

Acid copper 

68-3 

30 

11-7 

Zinc sulphate 

62-5 

34-7 

2*8 

Alkaline zinc cyanide 

434 

31-9 

24-7 


These figures were obtained in actual experiments. The two 
sets are of the same type. From them we at once learn that 
with copper and zinc sulphate solutions, both used in practical 
deposition, there is little tendency to “ throw.” In the cyanide 
solutions, however, the deposits on the three cathodes are 
much more nearly alike. The cyanide solutions are said to 
throw well, the deposits from them being more regular in 
weight, and, therefore, in thickness on all parts, whether near 
to, or distant from the anode. Moreover, the figures for zinc 
cyanide are improved by the addition of alkali. We could at 



136 


ELECTRO-PLATING 


once draw the conclusion that, while zinc sulphate may be 
satisfactory for plain work like galvanizing sheets, for the 
deposition of zinc on irregular parts, especially with depres¬ 
sions which must be satisfactorily plated, the cyanide solution 
is preferable. Another method of roughly testing this throwing 
power is that of plating short tubes placed endwise between 
the anodes. By sawing the specimens open, the degree of 
penetration can be noted. 

Factors Influencing Throwing Power. There are three factors 
which, taken together, determine the throwing power of a 
solution. The first is the inter-electrode distance. This has 
already been referred to. Secondly, there are the current 
efficiencies of the different current densities on the several 
parts of the irregular surface. A higher current density may 
mean either a smaller or even a larger current efficiency, and 
this affects the weight of metal deposited. Thirdly, and 
possibly the most important of all, is what the electro-chemist 
calls cathode potential. By this is meant, in simple language, 
the difficulty of extracting the metal from the electrolyte at 
the cathode. It will be appreciated that it is more difficult 
to extract copper from the cyanide solution than from the 
acid solution. The simple immersion of iron is sufficient to 
prove this. This may be regarded as a type of chemical 
resistance, and would at once account for the better throwing 
power of the cyanide solution over that of the sulphate. 
Moreover, it is harder to extract zinc from a solution contain¬ 
ing alkali than from one without alkali. Usually in the com¬ 
parison of sulphate and cyanide solutions, this chemical 
resistance outweighs solution or ohmic resistance, and the 
throwing power is correspondingly good. Further, the addition 
of acid to a neutral copper sulphate solution increases the 
throwing power because it lowers the concentration of the 
copper ions, and therefore adds to the difficulty of extracting 
copper from the solution. 

Quantitative Expression. It has for some time been deemed 
advisable to express throwing power quantitatively. As a 
first step in this direction, Blum and Haring* devised a throw¬ 
ing power box, rectangular in section, 10 cm. X 10 cm. and 
60 cm. long internally. Two plates at opposite ends con¬ 
stituted the halves of the cathode, a gauze anode being placed 
* Trans . Amer. IClectrochetn Soc., 1923, 44, 313. 
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intermediately so that one half-cathode was five times as far 
away from the anode as the other. These two half-cathodes 
represent differently situated parts of the same piece of work. 
The arrangement is shown in Fig. 45. Experiments were 
conducted so that the deposits on the half-cathodes could be 
weighed and related. The ratio of the cathode distances from 
the anode was called the primary current distribution ratio 
(P.C.D.R.)—in this case 5. The ratio of the weights on the 


+ 



Fig. 45. Disposition of Electrodes 
in Throwing Power Box 


near to that on the distant half-cathode was then called the 
metal distribution ratio (M.D.R.). The difference of potential 
between the anode and the two half-cathodes is of course the 
same, and if this were wholly absorbed in overcoming the 
ohmic resistance of the solution, then the M.D.R. would be 
practically the same as the P.C.D.R. Any deviation of the 
M.D.R. from the P.C.D.R. indicated throwing power either 
positive or negative. Thus with a M.D.R. of 4, throwing 
power was expressed as 
5-4 

X 100 = 20 per cent 
o 

According to this expression, throwing power is quantita¬ 
tively defined as the deviation (in per cent) of the metal 
distribution ratio from the primary current distribution ratio. 
A number of results will be given later. According to this 
scheme, however, ideal throwing power, that is when the 
metal distribution ratio is unity, is only 80 per cent. Negative 
throwing powers are those in which the metal distribution 
ratio exceeds that of the primary current distribution ratio. 
Sometimes these negative values are of a high order running 
into hundreds or even thousands, figures not easily com¬ 
prehensible. The scheme cannot be regarded as free from 
objection. 
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Throwing Efficiency. To bring the figures within more 
reasonable dimensions, Heat ley* suggested putting the 
throwing power as a percentage of the maximum possible 
with the distance ratio adopted. In the above case, for 
example, a throwing power of 20 per cent represents 25 per 
cent of the maximum of 80 per cent possible. This new figure 
was termed throwing efficiency , which was then defined as 
“the amount of the actual improvement of metal distribution 
ratio over the primary current distribution ratio in com¬ 
parison with the ideal improvement based on perfectly uni¬ 
form deposition over all parts of the cathode.” On this basis 
ideal deposition becomes 100 per cent, but there still remains 
the difficulty that negative values are of the incomprehensible 
type. This is illustrated in the tables XLI1 to XLTV which 
follow. 

British Standards Institution Scale. Later, the matter was 
exhaustively explored by a committee set up by the British 
Standards Institution.t It was agreed that several conditions 
must be met in any reasonable throwing power expression. 
These include— 

~T. The adoption of the terms linear ratio and metal ratio in 
place of the previous terms primary current distribution ratio 
and metal distribution ratio, respectively. 

2. The maximum (ideal) throwing power of 100 per cent. 

3. A throwing power of zero when the metal ratio is equal 
to the linear ratio. 

4. The absence of deposit on the distant cathode should be 
expressed as - 100 per cent, thus eliminating larger values of 
the incomprehensible hundreds and thousands. 

5. Intermediate values should be evenly distributed between 
these extreme values. 

6. The elimination as far as possible of the influence of the 
linear ratio, thus leaving throwing power as a property of the 
solution. 

7. The expression of the throwing power to the nearest 
whole number as meeting all the requirements of practical 
needs, especially in view of the difficulty of reproducing 
values in successive experiments with great accuracy. 


* Trans. Amer. Khctrochcm &-or.. 1923, 44, 283. 
f J. Electrodepos. Tech. Soc., 1934, ix, 144. 
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TABLE XLII 

Comparison of Throwing Power Scales 


Linear Ratio 5: 1 


Metal 

Ratio 

Throwing Power 

Old Scale 

Throwing 

Efficiency 

New Scale 

1 

80 

100 

100 

1-5 

70 

87-5 

77*7 

20 

60 

75 

60 

2-5 

50 

62-5 

45-5 

30 

40 

50 

33-3 

3-5 

30 

37-5 

23 

40 

20 

25 

12-5 

4-5 

10 

12-5 

6-6 

50 

0 

0 

0 

6-0 

-20 

-25 

-1M 

80 

-60 

-75 

-27-3 

10 

- 100 

-125 

-38*5 

20 

-300 

-375 

-65*2 

100 

- 1900 

- 2375 

-92 

qo (no deposit) 



-100 


TABLE XL1II 

Throwing Power of a Cadmium Solution 


Linear 

Ratio 

Metal 

Ratio 

Throwing Power 

Old 

Scale 

Throwing 

Efficiency 

New 

Scale 

2: 1 

1-845 

8-7 

17-6 

8-4 

3: 1 

2-6 

13-3 

20 

11-0 

4: 1 

3-33 

16-7 

22-3 

12 5 

7: 1 

5-42 

22-5 

26-4 J 

15-2 

10: 1 

7-456 

1 

25-5 

1 

28-3 

16-4 


The following recommendation was therefore made to meet 
these requirements— 

“ The standard method recommended for determining the 
value of the throwing power is by the use of a rectangular 
trough constructed of, or lined with, insulating material, of 
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10 cm. internal width, filled with the solution to a depth of 
10 cm. and having two half-cathodes 60 cm. apart, electrically 
connected together so as to be at the same potential, and an 
intermediately disposed and parallel gauze or perforated 
anode, the exposed area of the electrodes being equal to the 
cross-sectional area of the solution. The temperature must be 

TABLE XLIV 

Throwing Power of an Alkaline Zinc Solution 


L.R. 

M.R. 

Throwing Power 

| Old 1 

Scale ! 

i 

Throwing j 
Efficiency j 

New 

Scale 

2: 1 1 

1-75 

12-5 

25 

14-2 

3: 1 

2-38 

14 

21 

11-7 

4: 1 

3*33 

16-7 

22-3 

12-4 

6: 1 

4-80 

20 

24 

13-6 

9: 1 

6-98 

22-4 

25-2 

14-4 


maintained constant and uniform in all parts of the cell during 

the experiment. Then 

_ L - M (100) 

Throwing power = 

where 

L (Linear ratio) is the ratio of the distances from the anode 
of the remote and the near half-cathodes respectively, 
and 

M (Metal ratio) is the ratio of the weights of the metal 
deposited on the near and remote half-cathodes respec¬ 
tively. 

Temperature, current density, and linear ratio should be 
stated when expressing the results.” 

A comparison of the three systems is made in Table XLII 
over a wide range of metal ratio with a linear ratio of 5 : 1, 
while Tables XLIII and XLIV give a number of results 
obtained with different solutions and expressed by the three 
methods to which reference has been made. The advantages 
of the system proposed by the British Standards Institution 
will, we think, be apparent. 

Further, Table XLV gives the approximate values of the 



TABLE XLV 
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throwing power on several scales for a number of practical 
plating solutions and these figures are, we think, immediately 
intelligible and indicate the practical value of throwing powers 
of the solutions referred to. At the same time it must be 
recognized that any one metal, like nickel or chromium, is not 
deposited with the same facility on cathodes of different 
metals. A throwing power experiment may thus give a 
different value with a cathode of copper from one on which 
the metal under investigation has already been deposited. 
The term covering 'power might perhaps be appropriately 
applied to this initial stage of deposition. The problem is one 
which merits investigation. 



CHAPTER VIII 

ELECTRO-PLATING PLANT 

Selection of workshop -Frection of plating tanks -Capacity of 
tanks -Applications of rubbor in electro-plating plant —Generators 
—Arrangement of accumulators—Arrangements of vats—Conduc¬ 
tors—Connections—Rheostats—Instruments—Filtration of solu¬ 
tions— Heating of solutions—Combined agitation and filtration—- 
Handling small parts -Plating barrels—Automatic plating 

The installation of electro-plating equipment and the lay¬ 
out of the plating and polishing shops are matters requiring 
careful thought if work is to he carried out efficiently, expedi¬ 
tiously, and with the minimum of discomfort to the workers. 
It will, however, only he possible here to touch upon some of 
the chief points. 

Selection of Workshop. When the plater has the choice of 
several shops, determining factors in reaching a decision are 
height, light, ventilation, drainage, and the disposition of 
electric power, gas, and water supplies. 

Good lighting, preferably natural, is essential for inspection 
of work to ensure cleanliness, and for the detection of faulty 
plating or badly polished work. 

In view of the unpleasant atmosphere of both plating and 
polishing shops, the importance of ventilation can hardly be 
over-emphasized. This is especially the case when dipping and 
chromium plating are to be carried out, in addition to the use 
of a number of warm cyanide solutions. 

The draining off of liquids spilt in the plating shop is 
equally important, and no shop is complete without a gully 
or runaway for water, disposed centrally in the shop. A slight 
slope from either side enables such liquids to he readily washed 
away, the gulley comprising a half channel covered with a 
grating. A fall of one inch in ten feet is usual. 

If the plating shop floor cannot he surfaced with some acid- 
resisting material such as asphalt, a smooth surface of Portland 
cement should be applied. This, or an asphalt surfacing, should 
be continued up the walls for some distance. Such a floor 
should then be covered with duekboards or wood gratings 
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constructed in sections to permit of their being easily taken up 
to recover lost work. 

Both the polishing and plating shops should be as near as 
possible to the department producing the articles to be plated. 
They should, moreover, be near to one another, the enamelling 
and lacquering plant being of easy access in order to make for 
unified control. 

Erection of Plating Tanks. The preparation of a preliminary 
plan is advantageous to prevent haphazard lay-out. All tanks 
for similar operations should be grouped together, thu^n- 
abling pickling and swilling to be carried out so that the ^rk 
has only to be transported short distances, prior to entering 
the plating tanks. 

As cleaning is the most important part of plating, a good 
light is necessary to enable the work to be inspected. Every 
effort should be made to avoid congestion in the plating shop, 
due to operators engaged in different operations having con¬ 
tinually to pass one another, and the vats should therefore be 
preferably arranged to promote a continual flow of work from 
cleaning—swill tanks—pickling—swilling—to plating tanks, 
rinses, etc. 

These several considerations will also have reference to the 
position of drains, windows, supply of gas, electricity, and 
other services. Tanks requiring spray exhaust equipment may 
with advantage be grouped together, enabling one main 
exhaust duct to be erected, this being so situated as to have 
easy access to a roof or window for exhaust purposes. Tanks 
requiring heavy current, should be placed near to generators, 
to avoid undue cost of installation of heavy bus-bars. 

Plating tanks should be mounted on wooden joists or brick 
piers to give access of air beneath. This prevents rotting 
of the bottom of the tanks, and is an aid to cleanliness 
as the whole of the shop floor can be rinsed down from time 
to time. 

As tanks will be of many different depths, they should be 
surrounded by platforms at a reasonable working distance 
from the top of the tanks, say 3 ft. or 3 ft. 0 in., thought being 
had towards the ease of the workers reaching across wide tanks. 
Alternatively, deep tanks can be sunk into the ground with a 
lining of impervious material. 

The usual types of vats are well known to the plater, but 
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it may be desirable to point out that great savings can be 
effected by the choice of the best types for each particular 
purpose. In the case of lead-lined wood tanks, a lead of 4 lb. 
per sq. ft. may suffice for the nickel and similar baths, while 
a sulphate copper bath would better be constructed with 
6-8 lb. lead, while for tanks holding comparatively strong 
acids 8-10 lb. lead would be still more serviceable. 

Again, where iron tanks are in use, £-in. plate will suffice for 
most purposes, but for the chromium solution, or for very 
large cyanide baths, it is advisable to employ tanks made 
from l in. plate. 

If such tanks are to be heated, it is advantageous to fit the 
burners with a small inverted Vee-shaped baffle plate, in order 
to prevent the flame from impinging on to the bottom of the 
tank. When mounted, these baffle plates will be within about 
£ in. of the bottom of the tank. This method has advantages 
over that of fixing the baffle plate direct to the bottom of the 
tank, as owing to expansion and contraction, this method tends 
to promote a breakdown at this point. 

For chrome tanks, it is advantageous to install the chrome¬ 
plating tank in an outer tank filled with water, thereby pro¬ 
viding a jacket for same. The heat supplied by this method, 
is very uniform, and moreover, the necessity of putting heating 
coils into the corrosive chromium solution is thereby avoided. 

The ordinary household or Potterton Boiler can be usefully 
employed for supplying the heat to the water in the outer 
jacket, and this again can be controlled by a thermostat, 
thereby effecting considerable saving in consumption of gas. 

Again, for lead-lined wooden tanks lj-in. to 3-in. timber is 
used bolted together with pins and plates. Subsequently the 
lead lining is further lined with matchboarding to prevent 
short circuiting. 

The choice of wood for this purpose, however, calls for some 
attention. It should be free from resin, especially where warm 
solutions are to be used, and there is a trend to-day to the sub¬ 
stitution of glass in place of wood as a protective to the lead 
lining of tanks. 

Enamelled iron tanks are extensively employed for hot solu¬ 
tions especially in the case of the precious metals. 

For the sawdust tank galvanized iron of 12 gauge usually 
suffices. The pan may be 1 ft. 4 in. deep including a 4-in. false 
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bottom containing the water for heating and a filler in the 
corner. 

Wrought iron or mild steel tanks, formerly riveted, are now 
more usually welded, especially in the case of those used for 
chromium-plating. Added strength is imparted by the use of 
angle iron running round the top of the tank. 

For heating such tanks, the older form of iron stand and 
heating ring is now abandoned. In its place the tank is 
mounted upon piers of brickwork with gas jets below. It is 
preferable to carry this brickwork up the sides of the tank, 
protecting it from draughts and effecting economy of gas 
required for maintaining the temperature once this has been 
attained. Systems of heating are, however, referred to later. 

Where solutions are being used warm, it is preferable, 
though not necessarily followed in practice, that these should 
be under hoods, up which is provided satisfactory ventilation. 
The atmosphere of the plating shop is not likely to be very 
healthy even at the best of times, and everything possible 
should be done to eliminate unnecessary fumes. In the case 
of the chromium tank, special arrangements are necessary, 
and these are referred to under that section. 

A useful appliance for exploring the depth of a solution 
consists of a small electric lamp of say 2 or 4 volts mounted 
in a sealed tube so that the tube can be inserted in the solution, 
the wires touching across the terminals of the bath. The 
condition of the electrodes, the disposition of fallen work, 
and other information can thus be easily acquired. 

Capacity of Tanks. Every plater should have some good 
idea of the capacity of the tanks in his plant. This is readily 
obtained from thp dimensions. Thus for a rectangular tank— 

Volume — length X breadth X depth 
(cub. ft.) (ft.) (ft.) (ft.) 

Further, as 1 gal. of water weighs 10 lb., and 1 cub. ft. of 
water weighs 62*5 lb., 

1 cub. ft. - 6-25 gal. 

No tank is used to maximum capacity. Hence the volume of 
the solution is more important This will be— 

(fallens — Length X breadth / depth X 6*25 
(ft.) (ft.) (ft.) 
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and it is convenient to know for each size of tank the volume 
(preferably in gallons) contained per foot depth. A number of 
examples are given in Table XLVI. 


TABLE XLVI 
Capacity of Tanks 


1 

Shape 

Dimensions 

Gallons per 
Foot Depth 


r 

6-25 


11' 

14 

Square 

2' 

25 


21' 

39 


3' 

56 


2' x V 

12-5 


2' 6" x r 

15-6 


3' X V 

18-8 


3' X li' 

281 

Rectangular 

4' X li' 

37*5 


4' X 2' 

50 


5' X 2' 

62-5 


5' x 2£' 

781 


e / x 2i' 

93-8 


6' X 3' 

112-5 


Diam. 



r 

4-9 


H' 

12-25 

Cylindrical 

2' 

19-6 

(flat bottom) 

2i' 

30-6 


3' 

44-2 


3£' 

60 


4' 

78-4 


Where cylindrical tanks are in use the calculation is almost 
as simple for— 

Volume = area of circular base x depth 
(cub. ft.) 7 rr 2 (sq. ft.) (ft.) 

where r is the radius in feet, while the volume of the solution 
per foot depth will be— 

Gallons -- aree of base x 0*25 
(sq. ft.) 
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As an example, a cylindrical tank with a flat bottom is 2 ft. 
across; the volume per foot depth of solution will be— 

Gallons = nr 2 (sq. ft.) X 6-25 

09 

= y X 6-25 = 19-6 

Similar figures are also shown in Table XLVI. The volumes 
of solution in any regularly shaped tank can therefore be 
readily computed. 

Of considerable importance is the need for some mark on 
the inside of the tank to show the level at which the solution 
should be maintained. While this is important from the point 
of view of keeping the solution at its proper strength, it is 
even more necessary when solutions are to be periodically 
analysed. Thus an inch error in the depth of the solution 
which should normally be 24 in., represents an error of more 
than 4 per cent. It is of little use to apply accurate chemical 
analysis on solutions sampled so carelessly. Before a sample 
is taken for analysis the solution should be made up to its 
correct bulk and then well stirred to ensure homogeneity. 

Applications of Rubber in Electro-plating Plant. The use of 
rubber lined tanks is now established practice but the present 
very successful application of this material has not been 
without the recognition and overcoming of many unforeseen 
difficulties. Rubber is a material capable of taking up quite 
large proportions of other finely divided materials with a view 
to enhancing its properties for special requirements. Both 
the soft and hard varieties of rubber have been pressed into 
service. Early rubber linings for tanks were of the softer 
type. They however soon showed signs of a limited life. One 
failure was that of blisters which developed behind linings, 
the collected water having apparently filtered through the 
lining in a practically pure form leaving behind the dissolved 
salts with added acidity. Rubber-to-metal adhesives have, 
however, improved so that this trouble is now much less 
frequent. Again the harder rubber linings showed marked 
signs of cracking due to unequal expansion, but this difficulty 
has been got over by introducing between the steel and hard 
rubber lining an intermediate layer of the softer variety. 

Another trouble was that of contamination of the solution 
from one or more of the various chemical substances used in 
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the particular type of rubber including also the accelerators 
used in the vulcanizing process. These effects are not alto¬ 
gether amenable to forecasting, but trials of the available 
types of rubber compounds can be and are made as the best 
indication of the probable success of the lining. 

So successfully have some of the problems been solved that 
at the present time rubber finds increasing use in the field of 
electro-plating plant. Tanks for plating, rinsing and pickling 
are now in extensive use. In other directions, too, pumps, 
hoods and ducts together with the smaller items of plant 
such as plating barrels, baskets and trays are providing 
rubber with an increasing field of usefulness in electro-plating, 
but the exact phase of application should at least be known 
to the rubber manufacturer in order to avoid pitfalls which 
occasioned earlier troubles. 

Generators. Full reference has already been made to the 
essential points in the erection of these machines. It only 
needs to be emphasized here that the largest measure of 
isolation should be provided consonant with proximity to the 
use of the current. Too often these generators are housed in 
locations in which they are in immediate contact with many 
types of deleterious fumes, such as might well shock the 
electrical engineer, who usually takes such care in maintaining 
his machines free from fumes and dust. 

Arrangement of Accumulators. A set of accumulators in 
either the laboratory or works offers not only the advantage 
of continuous work over long periods, including night periods 
when a generator may not be running, but also that of a 
variation of voltage for the different types of deposition and the 
further advantage of separate circuits independent of each other. 

Thus in Fig. 46 is shown diagrammatically a set of six 
accumulators arranged to four bus-bars giving at least three 
independent and separate voltages on separate circuits, while 
no fewer than six variations of voltage are possible without, 
however, entire independence. On discharge the possible 
voltages arc— 


Between A and B 

2 volts 

n „ 

C 

6 „ 

C „ 

D 

4 „ 

A , 

V 

8 „ 

B , 

/> 10 „ 

A , 

D 12 .. 
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Other arrangements with three bus-bars and a different 
number of accumulators can easily be worked out. On charge 
the voltages will be approximately increased by 25 per cent, 
while from the outer bars the full voltage of the generator may 


+ 



Fig. 46. Arrangement of Accumulators 

be taken even without the cells being on charge. Such an 
arrangement is especially useful for laboratory and research 
work and seems to have advantages for workshop practice 
which have not been fully exploited. 



Fig. 47. Simple Arrangement of Apparatus 

An alteration of the connections to the bars will effect 
variations of the voltage on each consecutive pair, but in use 
there should be some attempt at equalizing the discharge of 
the whole of the cells for the maintenance of their efficiency. 

Arrangement of Vats. The most simple arrangement of the 
essential apparatus of electro-deposition is shown in Fig, 47 
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in which the vat, rheostat, and ammeter are put in series, 
with the voltmeter as a shunt across the vat. The order of the 
several parts of the circuit is immaterial so long as the positive 
pole of the generator is connected either directly or indirectly 
to the anode, and similarly, the cathode is connected either 
directly or indirectly to the, negative pole of the generator. Fig. 
4S shows an alternative and equally efficient arrangement. 

Where two or more vats are concerned, these must be con¬ 
nected to the generator in parallel through bus-bars. This 
parallel arrangement has the following advantages— 

1. The E.M.F. of the generator need be only that required 
for the solution requiring the highest E.M.F.; 



2. Each vat can be used quite independently of the others 
so that, 

3. Each vat is under separate control and can take vastly 
different currents. 

These are obviously the requirements attaching to a work¬ 
shop in which different classes of electro-deposition are 
undertaken. 

Only in very special cases is the series system of connecting 
vats requir e!. These are usually the cases in which a large 
number of vats of the same type are doing the same work over 
long periods. In series— 

1. The current must be the same in each vat unless, cither 
by accident or design, some of the current is definitely shunted 
around any single or number of vats. 

2. If one vat is put out of use the current stops in the whole 
of the circuit unless the defective vat is short-circuited. 

3. The E.M.F. of the generator would need to be equal to 
the sum of the E.M.F.’s required in the individual vats. 

t>- (T.5646) 
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Fig. 49 shows the arrangement of four vat circuits to con¬ 
ducting bars arranged as in Fig. 46 so that each vat can be 
connected to a different and most useful voltage, thereby 
reducing the need for the introduction of rheostats into the 
circuit and minimizing the E.M.F. loss in a high resistance 
rheostat. 

Conductors. The conveyance of the power from the gener¬ 
ators to the vats again calls for some element of design. Too 
often cables or rods are employed which are altogether in¬ 
adequate to the nature of the work they are required to per¬ 
form. For small currents, say up to a few hundred amperes, 



Fig. 49. Showing Four Independent Vat Circuits 


round copper rods are convenient, these being mounted upon 
insulators, especially in view of the fact that all woodwork is 
so liable to become saturated with conducting liquids and 
give rise, therefore, to undue leakage of current. When the 
current to be carried comes up to the region of 1000 amperes, 
flat copper strip is to be preferred. Usually the sectional 
allowance is 1 sq. in. for 1000 amperes. 

In selecting the type of conductor allowance has to be made 
for the difference in the surfaces of circular, square and 
rectangular conductors having the same sectional area. Of the 
three types it will be appreciated that circular rods present the 
least surface and therefore the least cooling effect, while the 
rectangular bars present the greatest surface and therefore 
have the greatest cooling effect. This allows of the use of higher 
current densities in rectangular bars than circular rods, the 
square section occupying an intermediate* position. 

These allowances are made in the data included in Table 
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XLVII, which gives approximate current carrying capacities 
of conductors of different sections, it being remembered that 
in the electrodeposition industry we are concerned with rela¬ 
tively short conductors with only a small potential drop and 

TABLE XLVII 

Dimensions and Carrying Capacities of Conductors 


Section 

Dimensions 

Area 

Surface Area 
for 1 Inch 
of Length 

Permissible 
Current for 
Copper on 
Basis of 
1000 Amp. 
per Sq. In. 
for Circular 
Sections 


Diam. 

¥ 

Sq. In. 
0-0123 

Sq. In. 

•393 

13 


r 

0-0491 

•785 

49 


V 

0-1105 

1-18 

111 

Circular 

r 

0-1963 

1-57 

197 


r 

0-3068 

1-96 

307 


r 

0-4418 

2-36 

442 


r 

0-6013 

2-75 

602 


i* 

0-7854 

3-14 

786 


Square 

r 

0-015 

•5 

19 


¥ 

0-0625 

10 

79-5 

Square 

¥ 

0-25 

2-0 

318 

V 

0-562 

3-0 

715 


v 

1-000 

4-0 

1270 


* r x y 

0-062 

1-25 

88 

Rectangular 

¥ x ¥ 

0-125 

1*5 

150 

v x ¥ 

0-125 

2*25 

225 


V X ¥ 

0-25 

2*5 

355 


are more concerned with the prevention of undue temperature 
rise. 

These dimensions are even more striking when registered 
in terms of the weight, and therefore the cost, of the copper 
required to carry the various currents. Relevant figures are 
, shown in the accompanying Table (2CLVIII). 
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TABLE XLVI1I 

VYkiuht Copper Conductors per 1000 Amperes 


i 


Permissible Cur- 


I 


rent on Basis 

Lbs. 

Section ! 

Dimensions 

of 1000 amp. 

Copper per 


! 

por Sq. In. 

| Circular Section 

Foot Run 

i 

Diameter 

! 


! 

r 

13 

3*7 

Circular 

\ 

49 

3-9 


V 

197 

3-87 

t 

r 

788 

3-9 

' 

Square 




r 

19 

3-2 

Square 

s 

79 a 

31 

r 

318 

31 

! 

r 

1270 

i 

306 

i 

4" x J" I 

| 88 1 

2*77 

Rectangular 

4* x r 

i 150 1 

3-25 


r x V 

I 225 : 

217 


r x r 

! 355 

2-74 


Frequently a number of copper strips are used instead of a 
single strip. 

The system admits of more cooling, and, therefore, higher 
current densities. Further, the spacing of the strips is 
effected at joints and corners, and, if necessary, additional 
spacing pieces can be inserted and the whole bolted together. 
This system is invariably used where heavy currents are 
employed. For most vats, connections can then be made with 
1 in. copper strip of the required thickness. 

In the use of wires for slinging work in the vat much higher 
current densities are permissible. The accompanying table 
(XLIX) shows the usual current-carrying capacities of copper 
wires of different gauges, and a simple calculation will show 
that in the case of the 8 G. wire carrying 80 amperes, the 
current density is of the order of 4000 amperes per sq. in., 
while that of the 10 G. wire carrying 24 amperes is more nearly 
8000 amperes per sq. in. section. 

Connections. The connections to the electrode rods require 
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TABLE XLIX 

Approximate Carrying Capacity of Bare Copper Wires, 
with Low Voltage 


Gauge 

Diam. 

Approx. 
Ohms per 

Amperes 



1000 ft. 

1 



24 

•022" 

211 

5 

22 

•028" 

130 ! 

7 

20 

! 036" 

7-9 ! 

10 

18 

•048" 

4-4 j 

1 15 

16 

•064" 

2-5 

24 

14 

•080" 

1-6 

30 

12 

•104" 

1-0 

42 

10 

1 -128" 

•625 

60 

8 

i -160" 

•4 

80 


more care than was once accorded to them. The old connection 
with cable and binding screw is quite unsatisfactory and out 
of date. The ends of these electrode rods should be flattened, 
tapped, and the leading-in strip attached by nuts preferably 
of the wing nut variety. Where brass tubes are used these 
can be fiUcd at the ends and a flat end soldered on. The 



Fig. 50. Connections 


ease of making and breaking these connections for cleaning is 
all-important. 

Three of these connections are shown in Fig. 50. 

In the choice of bars for carrying anodes and cathodes, 
while circular sections are in common use, the advantages of 
square sections should not be overlooked. Suspension from 
a circular rod may, with a loose connection, result in only one 
point of contact. With a square rod, more points of contact 
seem assured. 
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Rheostats. Whatever variation of current has been pro¬ 
vided for on the generator, it will be desirable that finer adjust¬ 
ments can be made on the individual tanks. Rheostats are 
required for this purpose. A feature of them is that they must 
be substantial enough to carry the whole of the current 
required in the vat. They are, as is well-known, usually 
composed of coils of wire. On the very small scale nickel- 
silver offered some attraction on account of its high resist¬ 
ance. In comparison with iron, however, this metal is costly, 
and iron is therefore nearly always used. These coils are 
mounted on iron or slate frames with suitable switches. Refer¬ 
ence to the older type of catalogue and textbook will in¬ 
variably show that these coils were mounted in series one with 
another. A disadvantage attaching to the series system is 
that a single coil is usually called upon to carry the maximum 
current, the other coils being for the time idle. This also 
necessitates an unduly thick wire for this end coil. The system 
has now given place to rheostats of the parallel type, in which 
all the coils are mounted in parallel. The switch, of the plate 
type, first engages with a single coil which carries the whole 
of the small current. For increasing the current the switch 
is moved to take up the next coil or coils in parallel with 
the first coil thus decreasing the resistance and increas¬ 
ing the current, and, with it, the carrying capacity of the 
coils. By this system the maximum current is shared by 
the whole of the coils in parallel, thus keeping down the 
diameter of the wires, and preventing some of the coils 
standing idle when there is a call for the maximum current 
to be carried. 

The principle of the parallel rheostat is that with conductors 
in parallel the total conductance is the sum of those of the 
individual conductors so connected, that is, the sum of the 
reciprocals of their resistances. Thus imagine three conductors 
put in parallel with separate resistances of a, 6, and c ohms 
respectively. Their conductances are therefore represented 

by the values, v, and - respectively. These, added together, 
(l o c 

give— 

I , 1 j ! be -f ac + (ib 

a 1 b c abc 
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and their combined resistance is therefore— 


abc 

be + ac + ab 

In place of a, b, and c put the figures 2, 5, and 10 ohms, and the 
resistance of the three conductors in parallel is therefore— 


2 x 5 x 10 100 

50 + 20 + 10 “ 80 


1-25 ohms. 


The maximum resistance is obtained with the single thinnest 
coil, while the minimum resistance is produced by the whole of 
the coils in parallel. 



Fig. 51 . Parallel Fig. 52 . Switch Type 

Rheostat * Rheostat 


Two types of these parallel rheostats are shown in Figs. 51 
and 52, the smaller one being for currents of a few hundred 
amperes, while Fig. 53 shows the type available for heavy 
currents of 1000 amperes and over. These give ease of control 
with minimum loss of power and arc altogether to be preferred 
to the older series type. 

Fig. 52 shows a type of switch rheostat of simple design. 
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In the number of coils of wire comprising the resistance 
no two are alike. There is progressive variation in both 
length and thickness of the wires. A little consideration will 
show that with five such coils of wire no fewer than thirty 



Fig. La mm I'arallhi. JIucostats for Hkavy Cukkknts 


different resistances mav bo mad;- up by the use of switches 
in each of the coils. 

Instruments. Anuneti ;-s and voltmeters must be freely used 
in the plating shop Nothing of a definite character can be 
done without them. Their use, either separately or conjointly, 
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has been discussed in an earlier chapter. Here we are more 
concerned with their form. 

To-day very much heavier currents are required to be mea¬ 
sured than formerly, and the developments in the electrical 
industry are such as also demand accurate instruments for 
large currents. Meters of excellent types are therefore avail¬ 
able. These differ markedly from former ones used in the 
plating shops. These earlier instruments were, for the most 
part, of the gravity type, in which two similar pieces of iron 
are surrounded by a coil through which the current passes, 
magnetizing both alike and causing repulsion. One piece is 
fixed, while the other is attached to the pivoted needle 
causing its deflection. When the current ceases the needle 
reverts to its original position by the action of gravity or by 
a spring. Such instruments had at least one advantage, in that 
they read equally accurately or inaccurately currents both 
direct and alternating so far as the latter were required. The 
modem type of instrument comprises a moving coil which is 
more dead beat in its action, but only reads direct current in 
one direction. These are readily obtained of ample range and 
accuracy. 

Both ammeters and voltmeters are essentially of the same 
construction and operate on the same principle. In the 
ammeter the coils are few in number and of relatively large 
section to carry the current. The resistance is therefore low 
and the instrument is in series in the circuit. 

The voltmeter, on the other hand, has many coil windings 
of fine wire. This means high resistance, the instrument being 
used as a shunt and operating by a very small current with¬ 
drawn from the main current. In both cases— 

Number of coils x current—art' of the same order. 

Two features may be briefly referred to. For the larger cur¬ 
rents, ammeters are provided with suitable shunts by means 
of which the main share of the current does not pass through 
the instrument, but only a r.y definitely predetermined 
fraction of it. This enables tlu dimensions of the instrument 
to be kept down. It is essential, however, that the shunts 
should be secure and free from attack by the corrosive atmos¬ 
phere of the plating shop. Any slightly increased resistance 
here through poor contact throws the readings widely out. 
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Secondly, these instruments should have a very open scale. 
Former types of instruments, with scales of only a few inches, 
are quite out of date, the modern scale comprising more than 
a semi-circle of the dial and running to as much as 18 in. 
in all. They, moreover, give more uniform readings over this 
extended scale. Such an instrument is shown in Fig. 54. 



Fio. 54. Ammeter 


Filtration of Solutions. One essential point is that solutions 
must be kept free from suspended matter. This is all-im¬ 
portant where thick deposits are being grown. So necessary 
has it come to be recognized, that the modern plating equip¬ 
ment includes plant for the continuous filtration of the elec¬ 
trolyte with its heating and circulation through the tank. 
Suspended matter is apt to be deposited on the cathode and, 
becoming covered by the deposit, produces a roughness which, 
once started, accertnates with undesirable results. In other 
cases the particles may bo insulating enough to prevent 
deposition, leading to porosity. 

Like many other advances the full importance of this 
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filtration was not at first realized. In the first instance it was 
thought that filtration necessitated the removal of only 
relatively coarse particles, and for this purpose single layers 
of felt were generally, and it was thought, satisfactorily, used. 
Later observation, however, seemed to show that such coarse 
fUim knV w ithout 


impairing its deposition properties, and that the really 
essential filtration involved the removal of the finest particles. 
There was also the accompanying need for doing this on large 
volumes of solution necessitating a rapid rate of filtration. 
These appreciated needs called for a considerable tightening 
up of the filtration process involving the use of entirely (as 
far as electro-plating goes) new methods. 

A comprehensive survey of the subject has been given by 
Wernick and Silman* who first state that while initial porosity 
may disappear with increasing thickness of deposit, yet there 
are few applications of electrodeposition (in which porosity 
is important) in which such requisite thickness of say -002 in. 
can be economically applied. Hence the greater need for the 
elimination of the sources of porosity. 

These authors classify modern filters under five headings— 

(a) The filter cone, 

(b) The filter press, 

(c) The filter candle unit, 

(d) The pre-coated unit and 

(e) The centrifugal filter. 

A few words may with advantage be added about each of 
these types of filter, but for more detail the paper by these 
authors should be consulted. 

(a) The filter cone which was first in use has at least the 
disadvantages that it is not applicable to the scale of modern 
electrodeposition and, moreover, while capable of taking out 
coarse particles only, may indeed even introduce organic 
impurities from the filtering medium deleterious to good 
deposition. 

(b) The filter press. These have long been in use in the 
filtration of large volumes of liquids handled in the chemical 
and hydro-metallurgical industries. They consist of a number 
of wooden frames over which are stretched layers of filtering 

* J. Electrodep. Tech . Soc,„ 1040, xvi. 79-114. 
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medium so clamped together that they act in parallel and 
thus introduce a large area for filtration. More recently, rubber 
coated steel frames have replaced wood thereby eliminating 
contamination from that somewhat uncertain material. Such 
filters are eminently satisfactory in many cases in the absence 
of alkalis (in which glass wool fabric can be substituted), but 
fail to give the desired degree of purification where rapid or 
bright nickel plating solutions are concerned, for visible clarity 
may not be adequate to the highest degree of plating. 

(c) The candle unit comprises a number of cylindrical 
porous candies made of compressed fired kieselguhr about 
10 in. long and 2 in. in diameter. These again are placed as it 
were in parallel, the solution being forced under pressure from 
the outside so that the collected residues can readily be 
removed. These candles have an exceedingly fine structure 
such that material of the order of 1 micron (1 micron == *001 
mm. or 39 millionths of an inch) may be removed. However, 
this fine precision of filtration is offset by (1) a very low rate 
of filtration, (2) the high pressure required to force the liquid 
through the very fine interstices of the medium, (3) the rapid 
rate at which the filter becomes clogged up and (4) the cost of 
repeated cleaning and reassembling the unit. 

These disadvantages have now to some extent been over¬ 
come by the substitution of stoneware for kieselguhr. There 
is some loss in the degree of filtration, but the stoneware will 
stand up to much rougher treatment in use and in the 
mechanical process of brushing away the slime during 
cleaning. 

Another improvement, this time to prevent the clogging up 
of the candle material which is difficult to thoroughly clean, 
is that of starting a new unit by adding a quantity of kieselguhr 
to the first solution to be filtered. Kieselguhr is a relatively 
light substance and produces a uniform mixture with the 
solution, and is thus deposited uniformly on the new candle. 
This first deposit readily traps the suspended matter of the 
solution and makes an effective filtering medium. Moreover 
when the time comes for cleaning, the deposit is readily 
washed off and a new charge of kieselguhr added to the next 
volume of solution to be filtered. The life of the candle is 
thereby considerably lengthened. Further, the enamelled 
pots in which these units were first set up have since been 



ELECTRO-PLATING PLANT 163 

replaced by rubber-coated steel with advantages which are 
obvious. 

(d) The pre-coated unit. This involves dispensing with the 
filter candle and substituting a suitable base upon which to 
deposit the filtering layer. Such materials include pure nickel 
or monel metal for nickel solutions, stainless steel for cyanide 
solutions with rubber-lined steel, vitreous enamel or nickel-clad 
steel as a material for the container. Upon this principle two 
systems used in America and in this country have been 
followed, and for this purpose, and others also, special types 
of pumps have been designed. The choice of material for this 
purpose has not been an easy problem. Even for the very 
slightly acid nickel plating solution, relatively free from coarse 
material, it has been found that pumps constructed from 
bronze or nickel suffer a considerable amount of erosion due 
to the setting up of stray currents. Other materials pressed 
into service have been Bakelite and even Pyrex glass, this 
latter evidencing remarkable progress in glass technique. 

(e) The centrifugal fitter, in which high rates of filtration 
are possible with high outputs. Plants now in operation on 
this principle and driven by turbines employ speeds up to 
50,000 revolutions per minute and develop settling forces as 
high as 62,000 times gravity, while others, motor-driven, 
speed up to 22,000 revs, per min. with a settling force up to 
15,500 times gravity. These machines, however, call for the 
greatest accuracy in construction and setting up in order to 
secure smooth running. Hence the larger adoption of power 
speeds of 1400 revs, per min. for the filter bag. 

Finally, reference may be made to the increasing use of 
anode bags to prevent the anode particles from finding their 
way into the solution. These, however, are liable to fracture 
in addition to the risk of introducing organic impurities into 
the solution. Anode bags of the woven glass fabric type have, 
therefore, found some use in America. 

Among filtering media may be mentioned kieselguhr, which 
is a fine diatomaceous earth with remarkable absorbent 
propertied. More recently activated carbon has been success¬ 
fully pressed into service. It has been used more in America 
where complex organic addition agents are in greater use 
than in this country in the composition of bright nickel solu¬ 
tions. It has already been considerably used in the chemical 
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industries and may be made by a variety of methods. The 
charcoal from coco-nut hulls provides one example, while from 
coke and other forms of carbonization carbon good activated 
carbons are made by treating the carbon, with steam. This 
process seems to open up a markedly porous surface which 
is essential for filtering and other absorbent processes. 

Heating Solutions. Plating solutions follow the usual rule 
of increased conductance of solutions with increase of tem¬ 
perature. They are, therefore, often heated. This can be 



Fro. 55. Internal Gas Heating 


effected in many ways, a number of which will not require 
even suggestion. For example, a current of hot water from 
any convenient type of stove can be circulated through pipes 
of a suitable metal immersed in the plating solution. 

Fig. 55 shows a wide lead pipe closed at the bottom. A 
small gas flame is introduced so that the hot air rises on one 
side of the tube and the cold air for the flame descends on the 
other side. A dividing plate assists this circulation of the 
air. This is serviceable where only moderate temperatures are 
required. 

A large volume of solution having attained the required 
temperature will maintain it with a little care and protection, 
especially if covered during the night. 
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Combined Agitation and Filtration. Modern workshop practice 
has thoroughly demonstrated the need for agitated solutions, 
with continuous filtration to ensure the complete freedom 
from dust which otherwise so prominently encourages rough 
deposits. Systems, some simple and others more elaborate, 
now cater for this dual function. An example is shown in 
Fig. 56, which comprises a motor driven rotary air compressor, 



Fig. f>6. Plating Bath Fitted with Filter and Air Agitation 


air reservoir with air filter, and the necessary lead filter coil 
and perforated agitating coils. 

The solution is drawn from the far end of the plating tank 
and passes through the filter funnel containing a felt filter 
bag which is readily changed when necessary, and then 
returned to the opposite end of the tank. 

The air reservoir contains some water through which the 
compressed air must pass, thus eliminating dust and oil before 
the air enters the solution. Regulating valves on the air 
supply provide control for both the filtration and agitation. 
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Acceleration of deposition with increased current density 
can also be obtained by applying a reciprocating motion to 
the cathode bars, or alternatively and better, to both rods. 
A system of this type is depicted in Fig. 57, in which is shown 
a bell crank by the use of which it id possible to vary the 
length of the stroke. The motion may be applied either by 
belt drive or direct bv the use of a suitable motor. 

Handling Small Parts. Modern practice calls for the plating 
of numerous small instrument and machine parts requiring 
to be handled in considerable numbers. Such small parts 



Fig. 57. Rod Motion 


are well beyond the range of individual wiring. For the 
several operations through which they must pass, perforated 
trays and baskets are largely employed. For the cleaning 
operations, including dipping, these are usually of stoneware, 
while in the later plating processes they may be of wire. 
These wire baskets, however, become heavily plated with the 
metal. This involves waste, in addition to which the articles 
are stationary in the tray. They have, therefore, been largely 
replaced by the use of barrels. 

Plating Barrels. These are rotated so that the work is kept 
in motion, and the several parts each given due exposure to 
either the cleaning material or plating solution. For both clean¬ 
ing and plating operations they are frequently of hard wood, 
slightly inclined to the vertical and rotated, after the work 
and liquids have been introduced (Fig. 58). The mounting is 
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such that the barrel can be tipped so that the contents are 
poured out, passing through a sieve, thus separating the work 
from the solution. Another advantage of the system is the 
continuous burnishing action of the parts on each other, this 
taking the place of any individual treatment, which would 
be quite out of the question. 

Formerly plating tank barrels were commonly arranged 
horizontally. They were of perforated insulating material, 
such as celluloid suitably stiffened, or ebonite, a cathode 
contact being made inside them, upon which the small parts 
made contact during rotation. The barrel, which might also 
be of xylonite, was non-conducting and did not pick up any 
metal, leaving, therefore, the whole of the current to the 
work contained therein. 

More recently some of the difficulties attaching to this 
type have been removed by the introduction of plating barrels 
more of the type of those used in the cleansing operations. 
These newer barrels are suitably lined, having regard to the 
composition of the plating solution. Mounted at an angle 
from the vertical, they are open at the top, giving access for 
inspection. An anode is conveniently arranged, allowing for 
quite a small inter-electrode distance, thus keeping down the 
resistance, which is further reduced by the abolition of per¬ 
forated material common to the former horizontal types. 

Automatic Plating. The modern applications of electro¬ 
plating, particularly in the motor trade, have necessitated 
the handling of many large parts with the minimum of labour, 
and with increased speed. To ensure the latter, many devices 
have been employed to keep either or both of the electrode 
rods in motion. Many rocking devices are in use, and in 
addition, the solutions are circulated, filtering and heating 
appliances also being included, or, with less frequent filtering 
and simple types of internal heating, solutions are kept 
stirred within the plating tank. Compressed air agitation h$s 
proved both simple in application and effective in operation. 

A step further in the application of automatic operation 
involves mounting the work on a moving, endless rack, so that 
after one or several motions round the tank sufficient metal 
will have been deposited. 

On the largest scale, however, elaborate plants for automatic 
plating are rendering considerable service where a continuous 
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succession of parts passes through a sequence of operations. 
Illustrations can be drawn from the plating of many motor 
parts. From the polishing shop these require to pass through 
a succession of cleansing solutions, with intermediate rinsing 
prior to passing through the plating tank. 

In the case of nickel plating these successive stages are 
numerous. In an example described by Maurer* the following 
thirteen stages were involved: (1) Eleetrocleaner, (2) rinsing, 
(3) acid dip, (4) rinsing, (5) coppering, (6) rinsing, (7) a 
sulphuric acid dip to remove all traces of alkali from the 
copper plating, (8) rinsing, (9) bright nickel plating, (10) 
dragout, (11) rinsing, (12) rinsing and (13) drying out. Each 
of these operations demands definite maxima and minima 
of time ranging from seconds for rinsing to 15 minutes for 
nickel plating. Moreover, the work must be transferred from 
one tank to another without unnecessary delay. The journey 
of the work through the individual tanks must be adjusted 
largely by the length of the tank as the work is mounted on a 
chain drive of uniform speed. Again, three or four stages 
involve the use of current necessitating the complete insulation 
of these tanks from each other. In addition, there will be 
accessories, such for example as a relatively large storage tank 
for the nickel solution together with filtering equipment, 
pumps and heating installation. In the plant under consider¬ 
ation the current consumption is of the order of 60,000 to 
72,000 ampere-hours per day of 24 hours with a consumption 
of 113 to 141 lb. of nickel anodes per day. A finer point in 
the arrangement is the transfer of the work from the main 
rack to one of higher speed between the successive tanks. 

The ingenuity of the engineer has been equal to the task of 
designing and constructing plant for the mechanical handling 
of such work through a succession of tanks. 

One of the latest types is the “Duplex Carriage Transfer 
Plant,” which effects considerable reduction in costs by 
eliminating handling between the individual operations and, 
at the same time, ensuring an improvement in the quality 
of the work by the essential standardization of the various 
processes and conditions. 

In this plant, a general view of the loading end of which 
is shown in Fig. 59, two moving carriages are carried on a 
* Metal Industry, 19th July, 1940. 




P*Trx- so. I.oADivfi Exd of Duplkx Carriage Transfer Plant 
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steel structure. From the upper carriage suspended chains 
pass over pulley wheels attached to the lower carriage. To 
these chains are attached hooks which engage with baskets or 
bars carrying the work. 

These two carriages may move together or independently. 
The forward movement of the upper carriage without the 



Fig 60 . Automatic Barrel Plating 


lower raises the chain and the basket or bar of work which 
may be engaged with it. The same movement of the two 
carriages carries the raised basket in a forward direction. 

Both of these carriages are driven from a single electric 
motor with suitable worm reduction. 

The motions produced by these carriages may be adapted 
to a sequence of processes in which immersion in successive 
tanks is required to be of the same duration. This, therefore, 
applies to such processes as picking and rinsing, in which 
the latter process may require several tanks. But in many 
processes, and those of electro-plating are illustrative, the 
time of immersion in successive tanks may be very different, 
for while pickling and rinsing may require only two or three 
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minutes, nickel plating may necessitate immersion jn the 
bath for at least thirty minutes. In this case the lifter hooks 
are arranged to deposit the work baskets or bars on to a 
continuous conveyor chain running alongside the vat. 

Thus every emergency of condition can be catered for, and 
the illustration shows a plant for bright nickel and chromium 
plating in a series of fourteen tanks with an overall length* of 
150 ft, 

The plant may also be adapted for barrel plating, an example 
of which is shown in Fig. 60. 

Other adjustments allow for heating the solutions by one 
or other of the three alternative methods of gas heating, 
electric immersion heaters and steam coils. 

In this direction, as also in that of the much improved type 
of solutions now in use, there is the best evidence of the 
advances which have been made during the past ten or fifteen 
years in the art of depositing metals by the agency of 
electricity. 



CHAPTER IX 

MECHANICAL CLEANING 

Introduction —Mechanical processes—Sandblasting—Barrel cleaning, 
burnishing, and polishing—Emery bobbing and scurf mopping— 
Felt bobs—Stitched mops—Finishing chromium and “Staybrite” 
materials—Theory of polishing—Materials employed—Notes on 
polishing and finishing 

Introduction. Before any of the usual processes of electro- 
deposition upon metals can be resorted to, it becomes 
imperative to impart to the surface of the basis metal a 
uniformity whicli is essential for the production of a satisfac¬ 
tory finish upon the deposited metal. There is a wide gulf be¬ 
tween the rough metal which emanates from the manufacturer 
and the finely finished product seen in the showroom. 

These preparatory processes are roughly, though not exactly, 
divisible into two groups— 

1. Mechanical operations which are usually accomplished 

with dry materials. f 

2. Chemical and electrolytic processes. 

This grouping is serviceable from the point of view of pre¬ 
senting an outline of the several operations concerned. 

Mechanical Processes. A feature of the modern methods is 
the rapidity, with saving of labour, over the processes practised 
years ago. The several stages involve sand-blasting, grinding, 
and emery-bobbing, these being the most important. 

Sandblasting. This method of oxide or scale removal is 
dependent on the friction obtained on the surface of the work 
by particles of fine sand or steel balls projected upon it by 
means of a jet of compressed air. The method is of great ser¬ 
vice in cases in which, owing to the presence of considerable 
amounts of scale to be removed, the ordinary pickling pro¬ 
cesses would be too prolonged. The method is particularly 
effective where there is no considerable amount of grease to 
interfere with the action of the sand. It is also often used 
to obtain a fine matt surface on otherwise smooth work. 

Owing to the space occupied by the essential plant and its 
somewhat high cost, the sand-blast method is not favoured 
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where small work has to be dealt with. In the cycle trade, 
however, it has been found economical to employ a sand-blast 
chamber for the removal of scale, brazing marks, etc., from 
cycle frames prior to enamelling, a very smooth surface being 
the result. Its principal application would appear to be for 
castings where it is impossible to pickle without leaving in 

the pores of the metal acid which 
may subsequently cause trouble dur¬ 
ing and after the plating operations. 

On the other hand, care must be 
taken to avoid too great an air pres¬ 
sure, as this leads to the imbedding 
of the sand particles, and necessitates 
subsequent pickling with hydro¬ 
fluoric acid to dissolve out the sand. 
Figs. <51 and 02 show two types of 
sand-blast machines in common use, 
the work being held in the hands 
over the jet from which the stream 
of sand issues. With the type involv¬ 
ing the larger chamber, the operator 
*uses a helmet with glass peepholes 
for protection for the eyes. The abra¬ 
sive effect is due to the angular 
fragments of sand, and their sudden 
impact with a relatively hard surface. 
It is generally recognized that hard 
surfaces are more easily sandblasted 
than soft ones. Sooner or later the 
angular points wear away, the sand 
I grains becoming rounded, and the 
I sand is then much less effective. 
Barrel Cleaning, Burnishing, and 
Polishing. In order to eliminate as 
Fig. «l. Foot Sandhlast far as possible all handling costs, 
small articles may be cleaned, bur¬ 
nished, or polished in rumbling barrels, thereby enabling the 
largest quantity to be dealt with in the minimum of time. 
The outer scale of castings and the sharp edges of stampings, 
etc., are removed by barrel scouring. 

Barrels rotating either vertically or horizontally (Fig 63) 
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may be employed, the former being open at the top for the 
reception of the articles to be treated. Iron barrels are usually 
employed for the scouring process, or any process where the 
abrasive nature of the material is such as to occasion con¬ 
siderable wear of tlie barrel. Wood barrels are employed for 
ball burnishing and barrel finishing. 



Kin. 6:2. Power Sandblast 


Cast-iron articles are barrelled with emery and oil until 
the desired surface is obtained, then rinsed in paraffin oil, and 
finally immersed in a suitable cleaner before passing to a 
burnishing barrel, where they are rotated with about half 
their own bulk of small steel balls and soap solution. 

If further lustre is desired, they may then be transferred, 
after drying out in sawdust, into a polishing barrel of suitable 















176 


ELECTRO-PLATING 


shape, and rumbled with leather cuttings, lime, and other 
polishing materials. Pumice powder, Tripoli powder, and 
other abrasives may also be used, according to the nature of 
the material to be scoured or polished, materials having a 
soft surface requiring the use of toe milder abrasives. 

When the steel balls are not in use, they must be preserved in 



Fig. Humbling Barrel 


soap solution, or smeared in petroleum jelly, to prevent rust¬ 
ing, which renders them useless for the ball burnishing 
process. 

Non-metallic substances may also be scoured and polished 
in a similar manner, it being merely necessary to adapt the 
type of abrasive and polishing medium to the nature of the 
material under treatment. 

The speed of rotation and angle of fall should be arranged 
to suit the shape and surface condition of the article to be 
polished. An average speed would be; from 30-60 r.p.m., care 
being taken at all times that the speed of rotation is not 
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sufficient to cause the work to be carried around with the 
barrel, thereby rendering the operation useless. 

Emery Bobbing and Scurf Mopping. These operations are 
carried out with leather-covered wooden wheels, felt bobs 
and stitched mops dressed with emery, the grade of emery 
depending upon the surface condition of the work and the 



Kir.. (34. Polishing Spindle on Stand 

amount of scale to be removed or levelling of the surface to 
be done. 

These wheels are revolved to give peripheral speeds of 
about 6000 ft. per minute on suitable lathes, which may be 
belt-driven or motor-driven. Examples are seen in Figs. 64, 
66, and 66. The spindles terminate in a taper screw upon 
which the wheels fasten so that the pressure of work tightens 
them. Numbers of belt-driven heads may conveniently be 
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operated from a common shaft, and where it is desired to 
reduce the total load to a minimum, the shaft may be run 



Fig. &>. Motor Polishing Lathi; 



Pig ««. Polishing Spindle with Ball Bearings 


in hall tarings, and the polishing head equipped with ball 
races. Many advantages, however, accrue to the installation, 
especially for large work, of individual motor-driven machines. 
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A typical ball-bearing polishing lathe is shown in Fig. 66, 
and with this type of machine, a much larger number of units 
can be run from the existing motor supply, without creating 
an overload. They are fitted with four dust-proof grease- 
lubricated ball races, and require very little attention. 

In the more modern type of machine the spindle is belt- 
driven from the motor which is situated in the base of the 
machine. Two advantages at once arise from this separation 
of the spindle from the motor. In case of failure of the motor 
it can be quickly replaced while repairs are being made. 
Further, when changing mops and bobs a trip operated by the 
foot not only cuts off the motor but disengages it from the 
spindle on to a loose pulley. A simple and quick movement 
with the foot, and the spindle, without the usual momentum 
of the rotor of the machine, can be stopped by hand almost 
instantaneously. 

In either case the machines may be provided with wood 
tables convenient for holding small work and the polishing 
materials. In the handling of large work, such tables are con¬ 
veniently dispensed with to allow the operator more room in 
which to cope with unduly large and awkwardly-shaped work. 

The wooden wheels are made from selected woods, usually 
composed of two or three layers glued together so that the 
grain of the layers is at right-angles to that of an adjacent 
layer, to avoid splitting when the wheel is in use. Strips of 
seahorse or bullneck leather are then cut and fixed to the 
periphery of the bob by gluing and pegging (Fig. 67). The 
surface is then turned, and dressed with glue and emery. For 
this purpose only the best glue should be used, and the wheel 
is rolled in a tray or trough containing the right grade of 
ehiery, and allowed to dry. For sanding silver work, the same 
type of bob may be employed, but sand and oil are used in 
place of emery. Solid leather bobs are also used for sanding, 
and are made from either bullneck or nickbob leather, it being 
possible to turn these bobs to various shapes with the aid of 
a sharp tool, such as a chisel, so as to be able to get into the 
angles and crevices of variously-shaped work, which would 
be impossible with the ordinary flat-edged bob. 

In course of time, the emery loses its cutting power, end 
it becomes necessary to dress the bob. This is done by remov¬ 
ing the old emery by rotating the wheel and holding to it a 
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hard tool or piece of pumice. This removes the worn surface 
of the bob, leaving it true to receive a new dressing. 

Felt Bobs. These (Fig. 08) are compounded of wool com- 
pressed, when wet, under hydraulic pressure to the thickness 
and hardness desired. Being more resilient than leather bobs, 
and also cheaper, they are in general use both for polishing 



Fig. 67. Leather Fig. 68. Felt Fig. 69. Stitched 

Covered Bob Bob Mop 


metals and vulcanite. During manufacture the moisture is 
removed by the centrifugal force of rotation, and by drying 
in ovens. 

Stitched Mops. These (Fig. 69) are composed of pieces of 
felt material layered together and then stitched in a circular 
fashion from the centre to the outside. They are made up in 
sections approximately \ in. thick, nailed through the centre 
and washered, the thickness desired being obtained by. nailing 
several sections together. They can be obtained in almost any 
diameter from 3 in. up to 18 in., and may either be glued and 
dressed with emery, or used in conjunction with brushing 
emery or with emery or other composition. As it is not possible 
to make these mops perfectly circular, they are usually turned 
up before use by pressing a sharp tool, or mop-dresser, against 
the periphery during rotation. 

The removal of fine sc ratch marks and slight imperfections 
from the surface of the work is usually done by employing 
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large circular fibre brushes in conjunction with flour emery 
which is used as a composition in bar form. These brushes 
are obtainable with or without calico layers interspaced be¬ 
tween the rows of the fibre. Some workers consider that these 
layers of calico serve to hold the emery composition, with 
consequent economy. 

The type and quality of abrasive employed depend entirely 



Fig. 70. Calico Mop 


Fig. 72. Finishing Compo 


upon the condition of the surface, and it is common practice 
to employ several bobs, each dressed with different grades of 
emery, in order that the work may be ground down in stages, 
a finer grade of emery being employed in each successive 
stage. 

The work, having been ground down by any of the methods 
suggested above, is ready for buffing to obtain the high polish 
on which the brightness of the subsequent deposit so much 
depends. Various grades of polishing mops are obtainable, the 
choice of which is determined by the nature of the work to be 
treated. A grey calico mop is most generally preferred for 
polishing non-ferrous metals prior to nickelling. 

This is composed of an American cotton of a fairly robust 
nature (Fig. 70). These mops are nailed and washered to¬ 
gether, 50 laps of the material making a mop 1 in. in thickness. 
They can be Jbad in any diameter from 3 to 18 in. The abrasive 
used is Tripoli as a composition (Fig. 71). Where the surface is 
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not to be plated, but finished by polishing, a mirror surface is 
imparted by the use of a soft type of finishing mop made from 
the best Egyptian cotton and again obtainable in various 
diameters, 60 laps constituting 1 in. in thickness. 

A special lime finishing compo (Fig. 72) is used with this 
mop. Where an article is to be plated, this finishing operation 
is reserved for the deposit. This may be treated by the same 
sequence of mops and compos, according to the condition of 
the deposit. In the case of plated iron work, for example, 
the deposit is apt to be somewhat dull owing to the original 
surface of the iron. The dullness is accompanied by hardness, 
requiring a mop of harder texture to effect polishing in a 
reasonable time. For this purpose mops- erroneously termed 
white linen mops--are used. These are mops heavily filled, 
having 90 laps to the inch. When rotating, they present a firm 
surface to the work, and are generally termed fast-cutting. 
This type of mop rapidly imparts a high polish to the work, 
which can finally be finished off with a soft mop and a suit¬ 
able finishing composition. 

Silver and Silver Plated Goods and other metals of 


similar soft nature arc finished with a soft mop with rouge 
_ composition (Fig. 73). They are then 


given a final mopping with a swans* 




down mop and a lime composition. 

Finishing Chromium and •• Stay- 
brite” Materials. The advent of 


Fig. 73. Rouge Compo deposited chromium, and the use of 
ferro-chrome alloys of the stainless 
steel and “Staybrite” type, demand special treatment on 
account of the extreme hardness of these metals. This involves 


the use of hard mops with at least 90 laps to the inch and a 
special hard cutting composition, made from green chromium 
oxide. 


Modern practice and experience produces a chromium- 
plated dc|x>sit of such a bright nature as to require merely 
finishing with a brown calico mop, and a special No. 5 White 
Chrome Finish made from alumina or similar abrasive. This 


latter has completely superseded the use of green chrome oxide 
composition, which was more costly, and more unpleasant 
for the worker to use. 


The polishing of chromium deposits, with modern methods 
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of deposition, demands very much less severe treatment than 
was formerly necessary. 

The recent introduction of stainless steel and “Staybrite” 
material has also introduced a finishing problem of some 
importance. 

These metals require grinding in the early stages, on felt 
bobs dressed with a suitable grade of emery or carborundum, 
which must be iron-free when used for “Staybrite” material, 
in order that in the event of any abrasive material becoming 
embedded in the surface layer of the metal the non-magnetic 
properties of this type of material (austenitic) shall not be 
thereby destroyed. 

A fine grade emery is then employed on a stitched cotton 
buff with white bobbing grease, in order to obtain the highest 
finish possible prior to the polishing operation. 

This latter is carried out by means of a soft white or brown 
calico mop dressed with No. 5 White Chrome Finish, whicif 
imparts a final gloss to the material. The peripheral speed 
of the mops during the finishing operation should be from 
8000 ft. to 9000 ft. per minute. 

Theory of Polishing. A little reflection will show that the 
earlier and later stages of producing a highly reflecting surface 
on a metal are materially different operations. In the earlier 
stages, using coarse cutting materials such as emery, the 
successive stages consist in removing a series of coarse scratches 
by replacing them with a finer set, usually at right angles. 
This process is carried on until a very even and fine system of 
scratches covers the surface. The materials used up to this 
stage are abrasives. 

The production of a fine lustre from this evenly scratched 
surface involves quite a different type of operation. Polishing 
materials are not scratching materials. Used with a higher 
speed than in the former stages, they cause the metal to flow 
from what we will call the tops of the scratches into the val¬ 
leys, which are thus filled up by the debris from the severe 
wear of the high speed mop. A uniform lustrous polish thus 
results by the production of a thin film of surface material 
which, seen under the microscope, is free from structure, and 
appears to be a mass of cemented metal powder, hard, dura¬ 
ble and lustrous. Thus the metal in the final stages of polish¬ 
ing actually flows slightly as though it were a thick liquid, a 

7 —{T.3646) 
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condition not altogether impossible considering the pressure 
applied and temperature usually developed. . Some simple 
ideas like this help the appreciation of the particular purpose 
of the materials used in the successive stages of the work. 

Materials Employed. Reference may now be made to the 
relatively few materials which are in use in the metal polishing 
industries. 

Emery. This is a natural product, consisting mainly of 
aluminium oxide with appreciable quantities of iron oxide 
which does not add to cutting properties but possibly serves 
as a binding material. It is found in several important locali¬ 
ties, and the natural product has to be crushed, washed, and 
then screened to give the different grades in common use. 
These vary from 6 to 200, these figures meaning the number 
of divisions per linear inch of the screen. A 200 mesh screen 
therefore has 200 X 200 = 40,000 holes per sq. in., and in the 
Standard screen the wires comprising the screen have an area 
equal to that of the apertures they produce. This will give 
some idea of the extraordinary fineness of the material. Be¬ 
yond this mesh, however, there are the various grades of flour 
emery, usually numbered 0, 00, 000, and 0000. To obtain 
these, a process of sedimentation is employed in which the 
finely crushed material is mixed with water and passed 
through a series of tanks of increasing capacities. In the first 
and smallest tank the mixture flows relatively rapidly, and 
only the coarser particles are deposited, while in the later 
tanks, which are larger, the flow is proportionately decreased, 
and finer material settles out. This process of sedimentation 
is frequently used in the grading of fine powders. 

Tripoli. This is a siliceous material, consisting of numerous 
small skeletons of a small plant. The material is mainly a 
hydrated silica with some impurities, chiefly iron and alumina. 
It is invariably used bonded with grease as a composition for 
cutting purposes. 

Rouge. This is an oxide of iron obtained by the distilla¬ 
tion of ferrous sulphate. Crocus is obtained in much the same 
manner, the difference being that rouge is obtained at com¬ 
paratively low temperatures, while at a higher temperature 
the grains are larger and the colour totally different. Rouge 
is the softer material, and is used for obtaining a high lustre. 
It is commonly applied either bonded with grease as a 
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composition or mixed to a paste with water and applied to 
the mop. 

Chromium Oxide. This is the green oxide obtained by the 
ignition of the hydroxide, after which it becomes almost 
insoluble in acids. Its particular application is that of 
finishing chromium deposits. 

Lime. Special varieties for this purpose are Sheffield and 
Vienna limes, the latter being preferred. This is a mixed oxide 
of calcium and magnesium obtained by calcining dolomite, 
which is a natural mixed carbonate. It must be kept dry, as 
it readily absorbs both moisture and carbonic acid gas. It is 
particularly serviceable in finishing nickel and also copper and 
brass work, imparting the highest finish. 

Notes on Polishing and Finishing. Many very satisfactory 
'compositions are available for the various stages of polishing. 
The choice of materials to effect suitable compositions has 
not been altogether an easy matter, so much depending upoi^ 
the composition of the grease chosen and its method of ap¬ 
plication. While the abrasive material is the main thing, 
much, nevertheless, depends upon other factors, including, 
most important of all, the adherent properties of the binder. 
This should suffice to hold the abrasive on the wheel just so 
long as the abrasive retains its cutting power, after which its 
ready removal is essential prior to applying further quantities 
of the composition. 

The speed of polishing varies with cutting and finishing, 
the former being usually done at 6500 ft. per minute while 
finishing requires the much greater peripheral speed of 
10,000 ft. per minute. 

The process is mainly one of two stages. The initial cutting 
stage is effected with emery and tripoli. Final polishing 
requires rouge, crocus, lime, and green chromium oxide, each 
with its special application, rouge for the precious metals, lime 
for nickel, crocus for tin and iron, and green chromium oxide 
for chromium deposits. In making comparisons of costs, the 
cost per sq. ft. of surface polished must be made the basis, 
rather than the coat of the compositions per pound. 



CHAPTER X 

CHEMICAL CLEANING 

Introduction —Grease removal—Degreasing with trichlorethylene— 
Mineral greases—Alkali cleaning—Emulsification—Wetting—Use 
of alkali phosphate solutions—Electrolytic cleaning—Methods of 
suspending work in cleaners—Maintenance of cleaning solution-— 
Combined cleaning and coppering—Acid pickling and dipping— 
Copper and its alloys—Iron and steel work—Embrittlement of steel 
—Zinc, aluminium, and their alloys—Lead tin and their alloys— 
Scouring — The acid etch — Scratch-brushing — Final rinsing — 
Drying out 

Introduction. The term chemical cleaning of metals applied 
to electro-plating covers a number of operations, in which 
mechanical effects cannot be altogether excluded. For the 
mnost part, however, we are concerned with the removal, 
mainly by the processes of chemical action, of all those mate¬ 
rials ordinarily present on the surface of metals subsequent 
to the processes of manufacture and mechanical cleaning. 
These include many different operations intended for the 
removal of all greasy compounds, and subsequently those 
films, which in many cases may have appreciable thickness, 
of oxides and other compounds definitely attached to the 
surface of the metal. Further, the surface of the metal must 
not be unduly roughened in the processes unless this is 
specially desired. 

Grease Removal. First and foremost comes the removal 
of all greasy materials which would prevent adhesion of 
deposits and also the uniform attack by the corrosive dips 
designed to remove scale. Two types of grease materials have 
to be recognized: (1) Mineral compounds, mainly mineral oils, 
and (2) Fatty compounds, including oils and fats of vegetable 
and animal origin. These greasy materials occur in vastly 
varying quantities on different types of work. They are 
removed by a number of processes involving (1) the application 
of solvents either liquid or vapour, (2) the chemical trans¬ 
formation to soluble compounds, usually by means of alkalis, 
and (3) by the process of emulsification in which they are 
broken up into sufficiently small globules so that they remain 
suspended in the cleaning fluid and are thus removed. Each 
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type of treatment has its special application and will be 
referred to. 

Degreasing with Trichlorethylene. There are numerous 
occasions in industry when de-greasing becomes essential. 
The use of organic solvents provides a simple process with, 
however, the serious disadvantage of inflammability and 
explosiveness. Many otherwise suitable solvents necessitate 
elaborate fire prevention precautions and high insurance 
premiums. These dangers are, however, entirely eliminated by 
the use of solvents of the chlorinated hydrocarbon type, the 
outstanding example of which is trichlorethylene. The use of 
this substance has become widespread with the progress of the 
industry. Trichlorethylene is a non-inflammable liquid, easy 
to handle and eminently suitable for pre-plating degreasing. 
Its boiling point is 86-7° C. and freezing point — 73° C. Its 
specific heat is *24 requiring therefore only one-quarter of the 
heat of water to effect the same rise in temperature. Anothei^ 
great advantage is its low latent heat of evaporation—viz. 
57 calories per gram—only one-ninth of that of water. A 
minimum amount of heat is therefore required to produce the 
vapour from the cold liquid. As the properties and quantity 
of de-greasing material to be removed vary, so the types of 
plant and process employing trichlorethylene vary. In some 
types of plant, the greasy articles are subjected to the solvent 
action of the liquid formed by condensation on the surface of 
the articles; in others, the work is immersed in the boiling 
liquid, and yet again, in others, it is subject to both liquid 
and vapour treatment. 

The plants for this purpose are compact and self-contained, 
requiring only a source of heat which may be steam, gas, 
electricity, or even crude oil, a supply of cooling water and 
connection to a water drain. They operate on well-defined 
principles each with its definite application. Where grease is 
to be removed and the subsequent process is not too critical, 
it may be sufficient to degrease by the “straight vapour” 
method. This is done in a simple type of plant which consists 
in effect of a rectangular tank containing the trichlorethylene 
in the bottom, arranged for a suitable method of heating, and 
provided with a condensing coil round the sides near the top 
to maintain this solvent vapour at an approximately constant 
level. The trichlorethylene is boiled, filling the plant with 
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vapour, and the^ greasy work, placed in baskets, or suitably 
suspended, is introduced in the vapour when the vapour 
solvent condensing on its surface runs off, removing the 
grease, which is carried to the bottom of the tank where it 



Fig 74. Gas-heated Straight Vapour Degreasing 
Plant 

A — Cooling coils, J ) « (las burners. 

H ~ Distillate trough E «* Trirhlorethylene sump, 
e - Distillate pipe-off. 

accumulates in the sump liquor, and has to be periodically 
removed. The work dries as removed from the vapour with 
a minimum of grease on its surface. 

A typical straight vapour plant is shown in Fig. 74. 

For the purposes of pre-plating the process must be much 
more thorough in view of the critical after-operations. The 
problem, too, is complicated by the presenoe of polishing 
solids on the work. It therefore becomes necessary to combine 
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with the vapour method that of washing in the hot liquid 
solvent. 

The usual procedure is a liqilor wash followed by vapour 
treatment (or washing in a series of boiling liquid baths of 



Fig. 75. Liquor-vapour Plant showing this Two Compartments 
Inset shows detail of improved mud-door f >r cleaning out the plant 

A =* Cooling rolls, V = Distillate pip *-ofFfor solvent recovery. 

H ~ Slung distillate trough. D = Steam-heat in x coll. 

increasing cleanliness and carried out in a tfc multi-liquor ” 
plant). By first immersing the work in the liquor, the tripoli 
powder, for example, is transferred from sus] tension in solidi¬ 
fied grease to suspension in solvent, in which form it is easily 
dispersed by the boiling liquid. 

With liquor-vapour plants the work maj Hu n be transferred 
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to the vapour compartment for the final cleaning and drying, 
the complete operation taking only about three minutes 
(Fig. 75). 

A two-liquor degreasing plant is very suitable for degreasing 
zinc base die-castings and all classes of metal work before 
bright nickel plating, which demands a high standard of 
cleanliness of the metal surface. 

After grease mopping, the work is immersed in the first 
compartment, in which the rapidly boiling solvent releases 
and disperses the grease-bound polishing compound. After a 
few minutes of this treatment, the work is transferred to the 
second compartment containing clean liquid solvent which 
swills away any impurities carried over from the first cleaning. 

While the solvent is boiling the dissolved grease and sus¬ 
pended dirt are being collected in the concentration compart¬ 
ment at the back of the plant. The clean vapour from this 
compartment is condensed and fed into the bottom of the 
clean liquor compartment. In this way all impurities are 
displaced over a weir in the bottom of the first liquor compart¬ 
ment, the dirty liquor from the bottom of which is, in turn, 
displaced into the concentrator. 

The work is therefore thoroughly degreased and washed 
in a continuously self-cleaning liquor bath. So treated, it 
requires only a short period of immersion in the electrolytic 
alkaline cleaning bath, which is enabled to fulfil its proper 
wetting-out function. 

A multi-liquor plant may contain four compartments, the 
first three containing the heated solvent, while the fourth 
is known as the concentrating compartment. THese com¬ 
partments conveniently overflow one into the other. The first 
compartment is continuously fed with fresh distillate while the 
last compartment, accumulating the dirty solvent, is operated 
to distil off the solvent, leaving the grease behind for periodical 
re*** jval. Should the plant become foul in all compartments 
owing, for example, to an exceptional run of work, it is only 
necessary to leave the plant idling for a period—say during the 
lunch hour—for the self-cleaning action to restore the first and 
second compartments. 

Should water inadvertently gain access to the plant, it may 
give rise to staining and will cause the solvent vapour to form 
a fog. By a special device, the bulk of the water may be 
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removed gravitationally, while the last traces are removed by 
passing the solvent through a filter of soda ash. 

Any trichlorethylene adhering to the work after removal 
may be dried off in a heated oven which is fitted in other types 
of plant. 

Though non-inflammable, care should still be taken in its 
use. The vapour should not be inhaled. It causes drowsiness 
and unconsciousness, and in extreme cases, death. As the 
vapour undergoes chemical change with high temperature 
producing injurious gases, it should not be exposed to naked 
lights. Smoking should not be indulged in while in contact 
with the vapour. 

The method gives a clean surface prior to a brief, final 
chemical or electro-chemical process, and has therefore become 
an essential part of the plating equipment. The complete 
removal of grease permits of the more uniform attack of other 
cleaning baths, the more perfect work leading to less stripping 
with fewer rejections and hence a reduced cost per piece. By 
this method all types of grease are removed. 

Mineral Greases. These non-saponifiable materials, com¬ 
monly used in the composition of polishing compounds 
together with other non-saponifiable products can also be 
removed by the use of such solvents as carbon tetrachloride, 
petrol and benzine. Carbon tetrachloride is non-inflammable 
and therefore has its advantages over the other two inflam¬ 
mable materials, which involve a certain amount of risk. 


Vapour and liquid degreasing is undoubtedly the more popular 
and successful treatment followed by further operation of 
alkaline or electrolytic cleaning to ensure the removal of the 
last traces of greases left from the previous operations. 

Alkali Cleaning. Fatty compounds are composed of basic 
and acidic parts which are separated by the action of a hot 
caustic alkali, for example, potash. By this treatment the 
insoluble fats are converted into soluble compounds byvbhe 
general reaction— 


Insoluble 
fatty compound 


+ Potash-* 


Soluble 

soap 


-f Glycerine 


For example— 

0^(0^,5000)3 + 3KOH - 30 i: H„COOK + C,H,(OH) 3 
glyceryl stearate potassium stearate 

(stearin) (soft soap) 
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Both products are soluble, and the absence of grease is seen 
by the even flow of water over the surface. 

For many years this operation was effected by boiling and 
scouring the work with a crude potash solution containing 
£ lb. American potash per gallon (50 grm. per litre). This, 
in general, proved effective. In course of time, the alkali 
loses its property in virtue of its conversion into other mate¬ 
rials, and also to some extent by absorption of carbonic acid 
gas. This process of chemically converting the fat or oil into 
soluble compounds, the chief of which is soap, is called saponi¬ 
fication. During the process small amounts of mineral grease 
are also removed. 

3. Emulsification. This removal of small quantities of 
unsaponiffable material by potash led to the view that the 
removal of grease might be, to some extent, mechanical as 
well as chemical. It is now well recognized that much of the 
grease is removed not by chemical action but by what is 
called emulsification , that is, its extreme subdivision, so that 
it appears to become dissolved. Many insoluble oils can, 
by shaking or other processes of agitation, be broken down 
to such extremely fine particles that they show no signs of 
separating as insoluble oils. Many medicinal emulsions illus¬ 
trate this fact. The process of emulsification plays its im¬ 
portant part in the cleaning of metals. It is found possible 
to effect it with much weaker caustic liquors than were for¬ 
merly used. Mild alkalis such as sodium carbonate are more 
effective than was once imagined, and to such a solution, 
materials such as sodium silicate (water glass), sodium phos¬ 
phate, sodium aluminate and borax are now added. Several 
of these form fine precipitates, and these, scouring against the 
greasy surface, effect the fine grinding of the grease, thus 
bringing about , its emulsification and therefore removal. In 
any case a small proportion of caustic alkali, now commonly 
caustic soda, is present. This mechanical subdivision of the 
grease is illustrated when cleaning the hands with a minimum 
of soap and some fine pumice powder. 

It is almost impossible to write down definite recipes for 
these cleaning mixtures. They are capable of wide variation, 
partly according to the nature of the metal to be cleaned and 
the dirt to be removed. A typical formula may be taken as 
follows — 
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Soda ash (Na,CO a ) .... 

6 oz. 

40 firm. 

Caustic soda (NaOH) 

■ 2 „ 

„ 

Tri-sodium phosphate (Na 8 P0 4 ) . 

. 2 „ 

13 „ 

Sodium cyanide (NaCN) 

. 2 „ 

13 „ 

Sodium silicate .... 

. 1 „ 

6-25 „ 

Water ...... 

. 1 gal. 

1 litre. 

The presence of the sodium cyanide prevents the staining of 


the work and the sodium silicate exerts an abrasive action on 
the work. It should be observed that while such metals as 
zinc, aluminium, and tin are much less soluble in such a liquid 
than in a strong caustic solution, there is nothing to be gained 
by leaving them longer than absolutely necessary in the 
cleaning liquids on account of the solvent action of these 
liquids on such active metals. 

Wetting. The problems associated with the cleaning of 
metal surfaces are of far greater complexity than was once 
thought to be the case. These take into account a number of 
properties of both the metal surfaces and the solutions. In the 
first case the metal surface has to be “wetted,” that is, the 
interfacial stresses between the solid and liquid have to be 
overcome. Soaps are excellent reagents for this purpose. 
Soaps further possess the power of emulsification of oils and 
greases and therefore assist in the removal of the dirt usually 
associated with them. Again, many of the reagents used in 
cleaning, especially those of the alkali type, possess a remark¬ 
able degree of adhesion to the metal surface, and therefore an 
adequate and even ample supply of rinsing water must be 
used. A very dilute acid rinse is the safest precaution, the 
remaining dilute acid being much more easily removed by 
rinsing. 

These and other aspects of the cleaning processes are referred 
to in a number of contributions to the literature of electro¬ 
deposition by Mitchell* and other workers, f 
Use ol Alkali Phosphate Solutions. One advantage of the 
use of phosphate solutions for cleaning would appear to be the 
fact that where solution is retained, even in very small amount 
in porous metals, there is the likelihood that with iron and 
steel it will form an insoluble phosphate, which is generally 
regarded as having protective properties. What is known as 

* Mon, Itev, A.E.P.S ., March, 1935. 

f J, Electrodepos. Tech, Soc 1931. \ ii, 157; ihvi., 1931, x, 139. 
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Coslettizing involves passing the clean iron or steel article 
through a solution of what is called acid phosphate of zinc, 
thereby developing on the surface a layer of zinc phosphate. 
This is insoluble and non-hygroscopic, and is thus protective. 
The process was largely applied on cycle work prior to enamel¬ 
ling. Similarly, while sodium phosphate has alkalinity, it has 
the added advantage of producing an insoluble product if left 
in the pores of the metal. This product is stable, and does not 
undergo repeated decomposition, with the promotion of 
corrosion, as is the case with sulphates and chlorides. The use 
of sodium phosphate is, therefore, recommended in ordinary 
and electrolytic cleaning solutions. 

Quite a number of other suggestions have been made as to 
the removal of any chemicals which might subsequently pro¬ 
mote the corrosion of the metal after drying and lacquering. 
These generally aim at the removal of substances which form 
soluble salts with the metals, and their substitution by com¬ 
pounds which, in the event of being left in the pores of the 
metal, will form insoluble compounds, which stand some 
chance of inhibiting further action. Passing the work through 
a weak phosphoric acid solution prior to final rinsing might 
be relied upon to achieve this. Any phosphoric acid left in the 
pores of the metal would be absorbed by the formation of 
insoluble metallic phosphates, thus terminating the corrosive 
attack, whereas chlorides would, if left in the pores, first form 
chlorides of the metals and these, decomposed later, set free 
the hydrochloric acid to repeat continually its corrosive work. 

Electrolytic Cleaning. This method has of recent years 
come into extended use. It is a simple process. In a suitable 
liquid contained in an iron tank which is made anode, the 
work is suspended as a cathode and a heavy current put upon 
it. Large volumes of hydrogen are given off and the grease is 
quickly removed. 

In general the liquid is of the same character as those out¬ 
lined above, the quantities being varied to suit the metal 
under treatment. The cleansing action is due to several causes. 
In the first place the electrolysis of all the substances in the 
solution leads to the production of caustic soda on the cathode 
exactly where it is needed. Secondly, there is the scouring 
action of the gas, much of which is deposited under the grease 
film and thus lifts it off. In fact, with a large amount of 
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grease the removal is obviously mechanical, and the grease 
rises to and floats upon the surface of the solution, and may 
even be ladled from it. Thirdly, there is also the scouring 
action of the fine solids in the solution where these are present. 
The process is very effective and largely used. With it there 
is the fear of insufficient current due to too small conductors. 
Further, some platers prefer to make the work cathode, and 
then, towards the end of the process, reverse the current by 
a special switch, and for a short time make the work anode. 
One advantage which this reversal might effect is the removal 
of any layer of adherent hydrogen on the surface of the metal. 
Otherwise it seems inadvisable to run the risk of oxidation of 
the work by the active anodic oxygen evolved. 

One other point in this connection may be noted. The 
metals lead, tin, zinc, and aluminium are particularly suscep¬ 
tible to solution in these alkaline liquids. When these metals 
are being treated some metal is sure to pass into the solution 
and this, in turn, will be deposited upon the work undergoing 
treatment. To remove this deposit the work may be made 
anode for a few seconds only, this being the chief justification 
for anodic treatment in electrolytic cleaning. 

If, however, this reversal is effected in the same tank there 
is the opportunity for the deposit now made on the tank to 
re-dissolve when the tank is again made anode. These dis¬ 
solved metals thus accumulate. This may be avoided by the 
use of a separate smaller tank for the reversed process. 

Lower concentration solutions can be employed than when 
still solutions are used, on account of caustic soda produced as 
a product of electrolysis at the cathode, and thus the time of 
the cleaning operation is reduced considerably with lowering 
of costs and increase of capacity. 

Electro-cleaning prior to chromium-plating is to be avoided 
on nickel-plated work, as it will cause passivity of the metal 
surfaces. 

The use of an exhaust system for removing steam and spray 
is recommended, especially in large automatic plants where 
corrosion of the metal equipment of the conveyer, and elec¬ 
trical connections, may cause trouble. Time, temperature, and 
current are of extreme importance. 

Work must be transferred from cleaner to rinses, without 
loss of time, to prevent surface from drying, and formation of 
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stain thereby. It is often found that the use of hot soaking 
solutions made up with either straight soap or soap com¬ 
pounds, prove most efficient for the removal of buffing com¬ 
positions from metals, as they have the ability to soften and 
penetrate through a soaking action, making it easier for a 
subsequent removal of the dirty material in the electro¬ 
cleaner. 

Electrolytic cleaning practice is undergoing some change. 
At one time, cathodic cleaning only was employed, because 
the volume of hydrogen liberated at the cathode is double 
that of the oxygen liberated at the anode, and it was argued 
that this factor operated in favour of making the article 
cathode. Of late, however, less importance has been attached 
to the scouring action of the evolved gas, and more to the 
plating off effect of solid particle dirt which has become posi¬ 
tively charged in the alkaline bath, and. by the process known 
as electrophoresis, migrates to the negative pole. 

Hydrogen absorptions at the cathode, are also avoided. 
Any passivity of the metal due to absorptions of oxygen, can 
be removed by a subsequent dip in weak sulphuric acid. 
Metals such as aluminium, zinc, or die-casting alloys, must be 
cleaned cathodically, as they corrode anodically. 

Notes on Cleaning 

Methods of Suspending Work in Cleaner. The greatest care 
should be taken in suspending work in the cleaner to ensure 
that all parts of the surface receive equal chemical treatment. 
For this reason the practice of bunching the work on wires 
is not to be recommended, as obviously by this method only 
the outer surface of the article receives full treatment. 

It is therefore more advantageous to suspend the work on 
racks or frames In such a manner that no two articles touch 
one another. 

Maintenance of Cleaning Solution. Attention should be 
given to maintaining all cleaning solutions at full strength. 
Replenishing the cleaning bath in a haphazard manner should 
be avoided. Jt is of little use to add fresh chemicals to a 
solution already loaded with dirt and grease, and the surface of 
the solution should be skimmed daily in order to remove any 
accumulation of scum. 

One useful method is to have the cleaning tank fitted with a 



CHEMICAL CLEANING 


197 


partition across one end, leaving a trough about 3 in. wide, 
fitted with a drain tap, so that when the bath is made up for 
evaporation losses, the scum cafe. be skimmed off over the 
partition, and the solution left clean for further use. 

Combined Cleaning and Coppering. As so much work re¬ 
quires to be coppered in the cyanide solution there seems to be 
the possibility of combining the cleaning and coppering into 
a single operation. This is commonly done. It involves the 
addition of copper cyanide to the cleaning bath, the two 
operations proceeding simultaneously. This may be regarded 
as an equivalent to the striking bath in the case of silvering 
base metals. A formula for the cleaning and coppering bath 
may be taken as follows— 


Caustic soda 
Sodium cyanide 
Sodium carbonate 
Copper cyanide 
Water 


8 oz. 

50 

gm. 

s „ 

50 


8 „ 

50 

*» 

4 „ 

25 

„ 

1 gal. 

1 

litre. 


When the work is chemically clean the copper will be de¬ 
posited over the entire surface, and this constitutes a guide to 
complete cleaning. Copper anodes are used in this process in 
place of the usual iron anodes. 

Such a combined operation, however, is not intended to 
replace that of the removal of the bulk of the dirt by the 
ordinary cleaning methods. There is no suggestion of using 
a modified coppering bath on the surface of which a scum of 
dirt is continually forming and requiring removal. The com¬ 
bined operation is intended only to simplify the preliminary 
cleaning operations, while still guaranteeing a subsequent 
satisfactory deposit of copper. 

From a chemical study* of alkaline cyanide degreasing and 
coppering baths it has been shown that sodium cyanide is lost 
from the bath mainly by its oxidation to sodium cyanate 
which accumulates in the solution. Its presence, however, 
seems not to be altogether disadvantageous in that new baths 
practically free from this cyanate do not appear to degrease 
so satisfactorily as those which have been in use for some time. 

Acid Pickling and Dipping. Subsequent to the removal of 
grease there comes the important problem of removing either 


* Chaybany : Proc. 1st I.E.G.* E.T.S., March, 1937. 
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thick scale or thin films of tarnish and chemical compounds 
which have been acquired mainly during the heat treatment 
attached to the modern manufacturing processes. 

During annealing, for example, all the ordinary metals ac¬ 
quire deposits of oxides, and these are not infrequently well 
burnt in and not easily removed. The treatment required 
depends largely upon the metal, and, in general, four groups 
of metals and alloys may be recognized as requiring somewhat 
different methods of treatment. These are : (1) Copper and its 
alloys; (2) iron and steel; (3) zinc and aluminium and their 
alloys; and (4) the lead-tin allo\ r s. No single method of treat¬ 
ment serves for them all. The acids used depend primarily 
upon the nature of the metals and their oxides. 

Again, chemical analysis reveals the fact that usually far 
more material is removed from the surface of the metal than 
is found in the acid solution. What appears to take place is 
that the porous scales permit the acid to penetrate them and 
attack the metal beneath, scale being lifted off mechanically 
in layers by the evolved gas, and falling to the bottom of the 
tank. There they may subsequently slowly dissolve. 

Inhibitors. The removal of these scales of oxides in the 
case of many metals is a more complicated process than 
appears at first sight. The oxides formed in the annealing 
processes through which these metals pass in the several 
stages of manufacture are usually not of uniform composition. 
In the case of copper, while the outer layer is doubtless of the 
black cupric oxide, the inner layer nearer the metal will be 
of the reddish cuprous oxide. This is an easily observed fact. 
Similar conditions prevail in the case of iron. The outer layer 
is likely to be of the more oxidized type of ferric oxide (Fe 2 0 3 ), 
while that adjacent to the metal w ill surely be of the ferrous 
type (FeO). The intermediate layer will probably show r the 
intermediate composition corresponding to Fc 3 0 4 . These 
outer layers are none too soluble except in relatively hot and 
strong acid which will naturally “go” for the unoxidized 
metal, wherever it may be exposed and particularly through 
the numerous pores in the scale. This attack has considerable 
disadvantages. It involves loss of metal, high consumption 
of acid and, with the liberation of so much hydrogen on 
the surface of the metal, may induce to embrittlement. 
Some restraining influence, provided by an inhibitor, will be 
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extremely advantageous. It is not difficult to idealize the 
essentials of such an inhibitor. Its characteristics will be— 

1. Easy and complete solubility in the acid. 

2. Stability over a wide range of strengths of acid and 
operating temperatures. 

3. Stability over long periods in storage. 

4. Free rinsing in soft and hard water. 

5. High efficiency involving therefore minimum consump¬ 
tion, and 

6. Preferably in the salt form, facilitating transport and 
storage. 

Many substances have been suggested and used with vary¬ 
ing degrees of success for this purpose. They may be divided 
into two groups— 

1. Inorganic type, and 

2. Organic type. 

These would appear to function in very different ways. 
Amongst the inorganic type are the compounds of arsenic 
and antimony (e.g. SbCl 3 ). They are used freely in the strip¬ 
ping of deposits in the determination of thickness (page 426). 
These metals are electro-positive, that is they are more 
“noble ” than iron. They are deposited on the iron by “simple 
immersion” and there, by reason of the higher over-voltage 
to hydrogen, resist the evolution of this gas and thus prevent 
the solution of the metal which displaces the hydrogen from 
the acid. Those of the organic class function quite differently. 
They are compounds of high molecular weight . They behave 
generally like colloids. In the path of the numerous small 
currents they migrate to the surface of the metal and, con¬ 
gregating there, form a thin film of high resistance which 
reduces the current and therefore hinders the solution of the 
metal which gives rise to the current. Or they may be adsorbed 
on the surface of the metal with a similar result. 

It is suggested* that their efficiency is proportional to their 
molecular weight. In any case it might be possible to give 
to these inhibitors some quantitative figure for their efficiency. 
Thus the reduction of the loss of metal in the presence of the 
inhibitor might be expressed as a fraction or percentage of the 
* Private commiuiioation from Mr. F. Taylor. 
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loss without til© inhibitor. The matter is one of which the 
importance may justify some quantitative investigation. 

It will now be convenient to consider the various metals 
and alloys in the order above mentioned. 

Copper and its Alloys. Prominent copper alloys are shown 
in Table L. 

TABLE L 
Copper Alloys 



Copper 

Zinc 

Tin 

Nickel 

Description 


70 

30 



Cartridge brass. Works well 

i 

66 

34 



in cold. 

Ordinary brass, casts and 

a 

u 





works well. 


60 

40 



Resists corrosion. 


50 

50 



Common brass for castings. 


90 


10 


Tough and strong. Gun- 






metal. 

I 

80 


20 


Hard, brittle and sonorous. 





Bell metal. 

2 

66 


34 


Hard, white and brittlo. 

a i 





Takes a high polish. 
Speculum metal. 


95 

1 

4 


Coinage bronze. 


60 

25 


15 

Nickel silver. Average com¬ 






position. 


SO 



20 

Cupro-nickel. White, tough, 
draws well. 


These metals usually emanate from the manufacturing pro¬ 
cesses in a tolerably clean condition, with little more than the 
grease left from a number of finishing operations. In every 
case, however, there is a slight coating of oxide which must be 
removed, and this is usually effected by a mixture of strong 
acids. On occasion, however, there may be appreciable scales 
of oxides, and we are, therefore, mainly concerned with these 
oxides of copper and zino. 

Again, the acids which most effectively remove oxide scales 
are not calculated to leave the type of bright surface desired 
as a finish when no further finishing can be undertaken. This, 
therefore, necessitates the use of a further acid dip designed 
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to impart as bright a surface as possible. These dips are 
respectively called scaling and bright dips. While their con¬ 
stituents are the same, their proportions differ sufficiently to 
effect a marked difference in the finished product. The three 
acids, sulphuric, nitric, and hydrochloric, are all used. Their 
mixture is in no haphazard proportion. The action of the 
acids on both copper and zinc has been carefully studied with 
a view to producing dips which will give definite results. 

Several of these results may be referred to. The sulphuric 
acid in general prevents rapid attack by the nitric acid, and 
thus maintains much smoother surfaces than could be achieved 
with nitric acid alone. Again, the action of these acids is 
dependent upon their degree of dissociation, this being compar¬ 
atively small in the proportion which occurs in these formulae. 
Hydrochloric acid is operative in maintaining the solution of 
both constituents of brass to the same degree, thereby pro¬ 
ducing a good yellow colour of the dipped metal. In the 
absence of hydrochloric acid, nitric acid preferentially attacks 
copper, and leaves a dull whitish surface. A limited amount 
of hydrochloric acid corrects this defect, while excess of hydro¬ 
chloric acid preferentially dissolves the zinc, leaving excess of 
copper on the surface. Dips are sometimes used warm, and 
this tends to greater solution of zinc, with redder results on 
brass. 

Two satisfactory dips for brass and copper are as follows— 



Scaling Dip 

Bright Dip 

Sulphuric acid (Sp.Gr. 1-84) 

380 c.c. 136 fl. oz. 

435 c.c. 142 fl. oz. 

Nitric acid (Sp.Gr. 1*38) . 

72c.c. 26 „ „ 

75 c.c. 23*5 „ „ 

Hydrochloric acid (Sp.Gr. 1*17) 

6 c.c. 2 „ „ j 

2 c.c. } „ „ 

Water ..... 

444 c.c. 1 gal. 

491 c.c. 1 gal. 


These dips accumulate copper and zinc in course of use. With 
either or both of the nitric and hydrochloric acids attacking 
the metal, the nitrates and chlorides first formed are imme¬ 
diately converted into sulphates, thus leaving the acids free 
for further attack. There is a marked difference with the two 
dips, and it must be added that manipulation does much 
towards correct dipping. 
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Occasionally an intermediate dipping acid is used. Some¬ 
thing depends upon the “ taste ” and experience of the operator, 
and it may further be added that there are different depart¬ 
ments even in brass dipping, justifying the allocation of 
different classes of work to different operators according 
to their individual skill. Acid dipping is far from being an 
unskilled job. 

To these dips addition agents are occasionally added. Many 
of these have been tried. It may seem almost ludicrous to 
suggest the addition of a little soot to an acid dip, but it may 
nevertheless have some inhibitive effect, it being known that 
soot addition will, to some extent, correct the defects arising 
from an excess of hydrochloric acid. 

Manipulation presupposes that all work to be dipped is free 
from grease. In the presence of grease the attack of the acids 
must necessarily be irregular and the results unsatisfactory. 

bon and Steel Work. This class of metals requires pickling 
to remove fairly adherent scale. This scale is a mixture of 
iron and iron oxide. It is usually porous. The acid pickle 
used finds its way through these pores, attacks the metal below, 
and the gas evolved lifts off large flakes of scale, which either 
fall off or are readily removed by scouring. For this purpose 
either sulphuric or hydrochloric acids are used. The latter is 
more frequently employed, as the ferrous chloride produced 
is very much more soluble than the sulphate. Different 
workers have different methods of using the acid. Some prefer 
to start with almost new acid and continue to use it until it is 
no longer of service, then throwing it away. Others prefer to 
keep the acid up to a given strength by scrapping a part of 
the solution from time to time and adding new acid in like 
proportion. The addition of soot is sometimes recommended, 
and this may be beneficial in adding to the liquid a material 
of a colloidal type which, during removal of the scale, 
is deposited on the exposed iron, thus protecting it from 
excessive attack. Patented compounds of this type may be 
particularly useful where pickling is severe, to remove scale 
which has, during rolling of the sheet, penetrated the surface 
of the metal, and is therefore difficult of removal. 

The frequently experienced difficulty in cleaning rolled . 
steel is due, it is suggested by Lyon,* to the deposit of 
* Trann. Hlectrorhem . Soc., 80, 1941, 367. 
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carbon resulting from the decomposition of the lubricants 
applied in the rolling process and this calls for more intensive 
methods of treatment. 

Embrittlement of Steel. Apart from the chemical changes 
effected during the pickling of iron and steel, others of a suffi¬ 
ciently serious nature occur. One of the most important is that 
of the acquisition of brittleness. This occurs when the metals 
are treated with acids such as sulphuric, hydrochloric, or 
hydrofluoric, from which hydrogen is necessarily deposited. 
It occurs to a much lesser extent with nitric acid from which 
hydrogen evolution barely, if at all, takes place. 

This brittleness may be got rid of to a large extent by 
subsequently heating the fr metal to a temperature of from 
100° C. to 150° C. or even by immersion in boiling water. 
It is considered to be due to the absorption of hydrogen, 
similar occlusion also taking place during plating processes, 
and with zinc occurs with equal facility with both the sulphate 
and cyanide solution. It is an admitted trouble in plating 
and can be minimized by the use of solutions of high metal 
concentration, with little or no acid, applying only a small 
current density and keeping the solution both warm and 
agitated. The whole problem is one which merits, and is 
doubtless attracting, close investigation. 

Zinc, Aluminium, and their Alloys. Of these the following 
* (Table LI) may be mentioned with the note that their com- 


TABLE LI 

Aluminium Zinc Alloys 


A1 

Zn 

i 

Cu 

Mg 

! 

Mn 

Description 

80-08 

1-15 

1-15 

0-1*5 


Alloys for casting. Very vari¬ 
able. 

04 

0-25 

4 

0-4 

0-6 

Duralumin (includes about 0*5 
per cent of Fe and Si as im¬ 
purities in the aluminium). 

4-22 

78-93i 

0-3 

01 


Die-casting alloys. Very vari¬ 
able. 


positions are very variable. More exact information should 
be obtained from the relevant metallurgical literature. 
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These metals are readily attacked and dissolved by strong 
caustic solutions. They can therefore only be treated in 
cleaners of the mild alkali type containing sodium carbonate, 
phosphate, and meta-silicate. Used electrolytically these 
solutions produce alkali on the cathode work which, com¬ 
bined with the scouring action of the flocculated silica, effects 
the necessary removal of grease with limited exposure to the 
alkali solution. 

Lead, Tin, and their Alloys. These again are numerous in 
the various branches of industry. A few only are now given 
in Table LI1. 

TABLE LII 


Lead Tin Alloys 


Pb 

S 

Sb 

Zn 


1 

66 I 

34 



Plumbers 1 solder. 

32 i 

68 



Tinsmiths’ solder. 

25 ] 

75 ; 



Pewter. 

6-8 

75-94 

5-7-5 

1-9 

Britannia metal. 

80 


20 


Type metal. 

60 

20 

20 


Stereotype metal. 


These compositions are only approximate. Pewter and 
Britannia metal are most commonly silver-plated, while stereo- • 
type plates are often faced with nickel for added endurance. 

These provide a still further group of metals demanding 
special treatment in pickling. Usually they are not treated 
with acids. Further, potash attacks them by prolonged treat¬ 
ment. The most serviceable treatment is that of electrolytic 
cleaning in solutions as free as possible from caustic alkalis, 
and therefore jpade up from soda ash with the addition of 
tri-sodium phosphate. This treatment has proved to be 
sufficient for many types of castings. Where these metals 
are to be silver-plated they are removed straight from such 
an electrolytic cleaner to a striking bath to receive a first 
coat of silver, which is then scratch-brushed, and, after rinsing, 
the articles are transferred to the main plating tank. 

Scouring. The dirt and scale loosened by the various pro¬ 
cesses of pickling now require removal by some simple mechan¬ 
ical process. A very common method is that of the application 
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of a wet brush, generally of bristle, with or without the appli¬ 
cation of an abrasive, usually ordinary sand or fine pumice. 
A special type of trough, with a sliding shelf and divided into 
two compartments, is in common use. One side is kept clean 
with running water while preliminary rinsing is done in the 
other. During scouring, the work can be plentifully washed 
with water from a hose attached to the tap, and after this 
preparation the cleaned work is left suspended in the clean 
water until a batch is transferred to the plating tank. 

In view of the fact that many large plants for nickel- 
plating operate almost automatically, it is evident that hand 
scouring must be dispensed with and this without detriment 
to the process. 

The Acid Etch. Where work has to be handled on a very 
large scale the operation of scouring must necessarily be sub¬ 
stituted by an equally efficient operation for the removal of 
scale. This is now largely achieved by the acid etch . 

The process involves making the work the anode for a 
relatively short time in the acid bath, the lead lining usually 
constituting the cathode. 

Sulphuric acid is commonly used. An acid of 60° B. density 
(from 75 to 80 per cent by weight) is common and this is used at 
ordinary temperature, say 16° C. This is suited to ferrous work, 
the time of treatment being only a minute or a little more. 

This process, incidentally, eliminates embrittlement,* and 
is now much used. 

Non-ferrous work was formerly, but not so successfully, 
treated in the same manner, until a new acid etch was pro¬ 
posed by A. W. Hothersall f which makes use of a solution of 
ammonium citrate (made by neutralizing 50 gm. citric acid 
with ammonia) with from 10 to 20 gm. free citric acid per 
litre. A recent description of the process suggested the use 
of a C.D. of 45 amperes per sq. ft. for 30 seoonds. On leaving 
the solution the work has a greyish-blue coloration, which dis¬ 
appears on rinsing. With a lower C.D. of 5 to 10 amperes per 
sq. ft., film formation does not occur, and this condition is to 
be preferred. 

Alternatively, a 5 per cent solution of “cyanide” may be 
used. These processes justify the term anodic etching. 

* Sutton: «7. Electrodepos. Tech. Soc ., 1936, xi, 
t J . Electrodepos. Tech. Soc., 1932, vii, 135. 
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Scratch-Brushing. This alternative operation for removing 
loosened scale has, by the choice of brushes of suitable wires, 
the advantage of brightening the surface. For small work 
the brush revolves on a foot lathe. For larger work the lathe 
can be operated by power. Brushes suitable for both lathe 
and hand work are shown in Figs. 76 and 77. The common 
types are of brass, nickel silver, or steel wire, and each of 
these metals may be of different degree of hardness. The 
wires are fixed in a wooden stock, being soldered in to give 
greater strength. Steel wires are suitable for coarse work 
while many grades of brass are used for the general run of 
brass and other similar work. Fine crimped brass wire brushes 
are serviceable for soft metals such as in gilding and silvering, 
and also for imparting a fine matt surface. In addition to the 
usual type of circular brush, others of various shapes for 
different purposes are stocked, so that all parts of very 
irregular work can be treated. Brushes of average diameter 
run at about 600-700 r.p.m., a higher rate being required 
for smaller diameters. 

The operation of scratch-brushing is applied not only in 
cleaning the work but also during deposition of some metals 
where a smooth finish is required, the deposit being occasion¬ 
ally scratch-brushed to remove slight roughness, and thus 
maintain a more uniform deposit. This is essential where 
thick deposits are required with a fair degree of smoothness. 

Final Rinsing. Whatever operation may have been per¬ 
formed with metals, special care must be taken before plating 
to remove from the surface all traces of chemical substances 
which have been used in the several operations. These—for 
example dips—have been employed because of their corrosive 
attack on the metals in cleaning them. Such chemicals cling 
to the surfaoe of the metals with a tenacity greater than 
would ordinariljTbe appreciated. This slight residue of liquids, 
especially in the case of porous metals, is responsible for much 
trouble, which frequently does not become apparent until 
after the work has been lacquered and even kept in stock for 
a time. Their complete removal must be ensured by repeated 
rinsing. 

This trouble occurs even with smooth metals. It is far 
greater with porous metals, and leads to the trouble of spotting 
out . Reference is made to this trouble under the different 
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metals treated. In general, however, it may be suggested that 
more efficient final rinsing would cure many of these ills, the 
work requiring something more than merely passing through 
water. Where the metal is likely to be porous, the alternate 
i^e of hot and cold rinsing water has the advantage of closing 
up the pores of the metal with hot rinsing, thereby squeezing 
out the contained solutions, and drawing in clean water when 
rinsed in cold water. 

This spotting out trouble is an insidious one. At present 
there is no all-round cure for it. Scientific w r ork and practical 



Fig. 78. Sawdust Pax 


experience an; agreed as to the causes and also, as far as can 
be applied, the remedies. Porosity of base metal is the main 
cause. The depositor has no control over this factrfr. Within 
experience, metal is sometimes so porous as to admit the 
passage of oil, under even a slight pressure, through it suffi¬ 
ciently to lift off a deposit without there being any sign of 
corrosion, wbiekmight attach the blame to the plater. 

As far as possible, though this cannot be regarded as prac¬ 
ticable, cyanide liquids should be eliminated from the re¬ 
agents used in the various processes. Especial care should be 
taken with the final rinsing, and drying should be as thorough 
as possible by the use of dry air. Barrelling or burnishing 
close up pores, and where practicable, are beneficial. Time 
should be allowed between final drying and lacquering, and 
only the best lacquers, substantially applied, should be used. 

Too much attention cannot be paid to the importance of 
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swilling the work after each operation in clean water, in order 
to avoid, as far as possible, the carrying over of solutions from 
tank to tank which, on account of their chemical interaction, 
may severely interfere with the plating process. 

For this reason air agitated swills are to be recommended, 
and where air agitation and filtration equipment already 
forms part of the nickel plating plant, the additional cost of 
carrying the necessary air supply to the swill tanks will be 
amply repaid. 

Chemically cleaned, and also deposited, metals are also 
prone to tarnishing, and to give these surfaces greater perman¬ 
ence a final rinse through a very weak solution of a soap solu¬ 
tion compounded with whale oil soap leaves, even after a final 
rinse in clean water, a faint trace of soap on the surface of 
the metal, which has the advantage of a small degree of protec¬ 
tion from finger prints in handling prior to lacquering. 

Drying Out. Finally the work has to be freed from all 
traces of moisture. This is usually effected by passing through 
hot water and drying in warm sawdust. The wood dust should 
be free from resinous matter. Few woods are thus available, 
boxwood and maple being the most prominent. Without 
being too dusty, the sawdust should readily fall away from 
the dried work, the last traces being removed by the applica¬ 
tion of a soft brush. 

Alternatively, the work may with advantage be dried in a 
current of warm air. This dries up the moisture left in crevices 
better than is possible with sawdust, and therefore ensures 
greater permanency. When used, sawdust is warmed in a pan 
of the type shown in Fig. 78, the bottom being false, and con¬ 
taining water, so that the flame does not come into contact 
with the base of the pan holding the sawdust. Centrifuging 
machines are used in dealing with numerous small parts, 
though they may not be considered as sufficiently effective. 



CHAPTER XI 
DEPOSITION OP COPPER 

The Acid Bath 

Introduction— The solution—Theory of the process—Addition agents 
—Anodes—Current density—Thickness of copper deposits—Vats— 
Cathode materials—Acid copper troubles—Maintenance of com¬ 
position—Coppering steel in the acid bath—Examples of thick 
deposition—Electrolytic copper extraction—Electrolytic refining— 
Analysis of solutions 

Introduction. The deposition of copper has been carried on 
from the earliest days of commercial electrolysis, the process 
with copper sulphate being comparatively simple. Diffi¬ 
culties were for a long time encountered with copper-plating 
iron, and these were not satisfactorily solved till the advent 
of the cyanide solution. From the sulphate solution, however, 
thick deposits, such as were required for electro-typing, and, 
later, electrolytic refining of the metal, were obtained without 
much difficulty. In recent years copper deposition has found 
many applications, which are not directly related to the pro¬ 
duction of comparatively thin deposits for protective or 
decorative purposes, these latter purposes usually covering 
the aims of the electro-plater. The modern process of nickel- 
plating calls for a substantial deposit of “acid” copper, so 
that the solution and process has gained additional interest on 
this account. 

The Solution. The solution is of simple composition with 
some latitude of concentrations of its two main constituents, 
and may be as follows— 

Copper sulphate (Bluestone) . . 1J-2 lb. 150-200 gm. 

8ulphuric acid (Oil of vitriol) . . 4-6 oz. 25-37 gm. 

Water ....... 1 gal. 1 litre 

The function of the copper sulphate is obvious. That of the 
acid is at least twofold. It largely adds conductance, and, in 
addition, prevents the formation of rough deposits, giving a 
finer type of crystal. The solution with some variation is 
largely used. It is found that in neutral copper sulphate there 

210 
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is the tendency to the formation of basic salts, with the produc¬ 
tion of spongy and rough deposits. The presence of acid 
prevents this, and, in addition, adds to the throwing power 
by the reduction of the number of free copper ions in the 
solution. 

Theory of the Process. The chemistry of the process is 
relatively simple. Copper sulphate ionizes as follows— 

CuS0 4 ^Cu" +S0 4 — v,W • 

The copper ions migrate to the cathode and, taking up a 
negative charge (in the form of electrons) from the cathode, 
become neutral copper atoms, which are deposited. A stream 
of electrons thus enters the system through the cathode. At 
the anode the S0 4 ion associates with copper ions formed at 
the anode, this formation being attended by the evolution of 
electrons, which pass away from the system via the anode. 
Ordinarily there are no subsidiary reactions, and as fast as 
copper is taken from the solution at the cathode an equal 
amount of the metal becomes converted into ions at the anode, 
thus maintaining the average strength of the solution fairly 
constant. 

Concurrent with the migration of the copper ions, there is 
that of the numerous hydrogen ions which contribute largely 
to the total current. 

As these hydrogen ions reach the cathode, they remain in 
the solution, copper ions being preferentially discharged and 
the copper deposited. 

Addition Agents. Many additions have been made to the 
“acid copper” bath, as it is generally termed, with a view 
to improving the character of the deposit. There is no doubt 
that advantages do accrue from these additions. For this 
purpose, alum, glue, gelatine, phenol (carbolic acid), and 
several forms of sugar have been successfully used. Unfor¬ 
tunately, the control of these substances is difficult. Their 
determination by analysis is by no means easy, and very 
commonly, therefore, their use is dispensed with, as for the 
most part very successful deposition can be effected without 
them. 

Additions of phenol (pure carbolic acid C 6 H 5 OH) are usually 
of the order of 1 gm. per litre. The quantity required is 
calculated, weighed out and mixed with approximately twice 



212 


ELECTRO-PLATING 


its volume of strong sulphuric acid. The mixture is warmed 
to 100° C. for an hour. Phenol sulphonic acid (C 6 H 4 (0H)S0 3 H) 
is formed. The product is added to the bath with ample 
stirring. 

Its beneficial effect is not immediate. Boughay* states that 
a current of about 400 ampere-hours per gallon of solution is 
required to bring it into condition. By that time little, if any, 
of the original phenol remains, and it is therefore highly prob¬ 
able that the essential addition agent is formed by this 
“ageing” of the solution. The ultimate products include 
hydro-quinone. 

Anodes. These present little difficulty, the efficiency being 
almost theoretical. In fact, weighings made show rather an 
excess of metal dissolved over that required by Faraday’s 
law. This is due to the fact that copper, like most metals, is 
crystalline, and the metal between the crystals is readily 
dissolved, leaving the crystals free to fall from the plate. A 
red powder at the bottom of the tank is sufficient evidence 
of this. This copper may, with other insoluble impurities, 
float in the solution, become attached to the cathode and 
cause roughness. Electrolytic copper is often used, and to 
avoid the trouble of handling the scraps of anodes which must 
inevitably be left, it has been proposed to deposit copper on 
perforated lead plates and use these as anodes. The copper 
can be used down to the last trace. 

Current Density. In the solution mentioned above and 
used stationary a current density of 25 to 30 amperes per sq. ft. 
can safely be used. Where rapid deposition is required, with¬ 
out the necessity of a smooth surface, the C.D. can be con¬ 
siderably increased, especially with the application of some 
type of motion of the solution. Figures of C.D. go up to as 
high as 300 Amperes per sq. ft., but these are exceptional, 
^ith low acid content, say less than £ lb. per gallon, the copper 
is soft and easily buffed, and this is required of the copper 
which forms the undercoat for nickel. Harder deposits result 
from higher acid content and the higher current densities 
which become possible with agitation. 

Thiclpaess of Copper Deposits. As copper is frequently 
deposited to considerable thickness, the accompanying 
table (LII1) will be found useful for the rapid calculation 
♦ J. Electroflepo*. Tech. Soc., 1934, ix. 
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of thiokness from the known current density and time of 
deposition. 


TABLE LI II 

Thickness of Copper Deposits from Acid Bath 
Current efficiency 100% 


Thickness in Mils in 


Density 
Amp./Sq. Ft. 

15 mm. | 

30 Min. [ 

60 Min. 1 

120 Min. 

10 

; 1 

014 

0*28 

0-565 

M3 

20 

0*28 

0-56 

M3 

2*26 

30 

0*42 

0*85 

1-70 

3*4 

40 

0*56 

M2 

2-24 

4*48 

50 

0*70 

1-41 

2-82 

5*65 

00 

0*85 

1*70 

3-4 

6-8 

70 

0*99 

1-97 

3-95 

7*9 

80 

1 M3 

2*26 

4-52 

904 

90 

1*27 

2*54 

5-08 

10-2 

100 

! 1-41 

1 

j 2*82 

1 

5-65 

11-3 

1 


Vats. This solution offers the largest choice of materials 
for vats. Usually wood tanks with linings of 6 lb. lead are 
employed. Occasionally, for large tanks, slate is substituted, 
while for small experiments, stoneware and glass are clean and 
insulating. 

New wood linings not infrequently give rise to irregularities 
in deposition due to certain resins passing from the wood into 
the solution. These may for a time develop quite bright 
deposits of copper. 

Cathode Materials. Unfortunately, the acid content and also 
the easy decomposition of the copper sulphate make this 
solution impossible for many metals usually requiring copper¬ 
ing. Brass and the usual copper alloys are practically the only 
metals which will stand the action of the solution. All base 
metals require treatment in an alternative solution Large 
quantities of copper are deposited from the sulphate solution 
on materials such as wax and other non-conducting materials 
after some treatment to render them conducts c, these pro¬ 
cesses being applied in electro-typing. As an example, wood 
may be coppered by first soaking it in paraffin wax, drying, 
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and blaok-leading. Other more fragile substances are chem¬ 
ically treated to produce on their surface a thin film of sulphide 
of silver, this imparting the needful degree of conductance. 

Acid Copper Troubles. These are not numerous or difficult 
to remedy. Dark powder}' deposits are due to excessive cur¬ 
rent for the state of motion of the solution. Anodes will usually 
work dark, the black residue being an oxide of copper which 
falls to the bottom of the tank. If the anode works bright 
this may be regarded as some sign of too great acidity. Throw¬ 
ing power is not expected to a large extent. If unduly low it 
can be improved by the addition of acid. The separation of 
crystals indicates the need for more water or, preferably, 
warming. While it is not usual to work the solution warm, 
this is sometimes done, the decreased resistance requiring a 
smaller P.D. 

There are, however, other irregularities in acid copper- 
deposition which cannot directly be traced to the copper and 
acid content. These are especially noticeable when thick 
deposits are being made. 

Usually a solution of such simple composition might l>e 
expected to work without complications over long periods, 
but this is far from the case with the acid copper bath. Pro¬ 
tracted deposition reveals defects which an? not apparent with 
small scale and intermittent work. These defects have been 
pointed out as the result of wide experience by Ollard.* They 
relate particularly to the physical character of the deposit. 
The solution is remarkably sensitive to very small quantities 
of colloids, one result being that the addition of one part 
of gelatine per 10,(XX) parts of solution will markedly modify 
the structure and hence the properties of the deposit. Such 
small amounts of substances are usually quite beyond the range 
of chemical analysis. Copper deposits may be? required which 
are relatively soft. Hard deposits, frequently called for, are 
often accompanied by considerable internal stresses which 
give rise to cracking. The aim, therefore, will be to strike the 
happy medium. Thus a solution may give rise to deposits so 
soft as to Ik? even with appreciable thickness almost as soft 
as lead. No simple explanation of this phenomenon is readily 
forthcoming. It may lx? that, under ordinary circumstances, 
unknown colloids are present and lead to the production of 
* ,/. Klectroilppo*. Tech. Soc. t 1937, xii, p. 35. 
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deposits which are normally satisfactory. Some new addition 
may then quite counteract this effect and thus yield a soft 
metal. Too hard deposits are in the main due to an excess 
of colloids the removal of which, though it may be effected 
readily on a small experimental scale, will defy large scale 
application. Treatment of such solutions with potassium per¬ 
manganate may remove the colloid while any excess of the 
permanganate is then removed with hydrogen peroxide, pre¬ 
ferably with warming and subsequent filtration. A remedy was 
found by slowly bubbling sulphur dioxide through the solu¬ 
tion while working it with lead anodes, resinous matter rising 
as a scum which would be skimmed off from time to time. 

Too rough deposits are usually the result of either too high 
a C.D. and also to the presence of suspended matter in the 
solution. This can be removed by filtration. Sometimes such 
suspended matter will insulate small areas of the deposit 
thereby producing pits. These defects are such as can be 
identified by some experience rather than by chemical analysis, 
and the watchful trained eye will then best indicate when 
they are likely to become objectionable, when remedial steps 
can then be taken. 

Maintenance of Composition. With long continued operation 
there is the tendency for the acid copper bath to increase in 
copper content with a corresponding depreciation in the 
percentage of a free acid. This may in part be due to a some¬ 
what higher anode than cathode efficiency and also to the fact 
that the anodes, especially at the waterline where they are 
exposed to the combined attack of both the acid and air, are 
appreciably corroded according to the following equation— 

Cu + 0 + H 2 S0 4 = CuS0 4 + H 2 0 

Again, copper anodes contain some cuprous oxide, which is 
not dissolved electrolytically, but chemically, either from the 
surface of the anode or from the bottom of the tank to which 
such material naturally falls. 

The correction of this by the addition of acid would in course 
of time unduly load the bath with copper sulphate. A more 
convenient and practised method is that of running the bath 
for a time with lead anodes. The copper anodes may be trans¬ 
ferred to the cathode bars and so pick up, without waste, the 
copper deposited during the process. 

S~ (T. 5646 ) 



216 


ELECTRO-PLATING 


By this method the following reaction— 

CuS0 4 + H 2 0 = Cu + H 2 S0 4 + O 

regenerates acid and the process may be carried on until the 
desired degree of acidity has been attained. It would appear 
that there should be no reason why the correction cannot be 
made by the substitution of lead plates for some of the anodes 
in the ordinary operation of the bath. It seems, however, to be 
preferred to make the correction a separate operation rather 
than combine the correction with the ordinary procedure of 
the bath. 

Coppering Steel in the Acid Bath. So large is the amount of 
steel work requiring coppering that many attempts have been 
made to effect this directly in the acid bath. The most notable 
of these is that of immersing the cleaned steel in a preliminary 
bath containing 60 gm. of white arsenic (arsenious oxide, 
As 2 0 3 ) per litre of strong hydrochloric acid (10 oz. per Imp. 
gallon). A film of arsenic is thus applied by simple immersion 
and, after rinsing, the work is transferred to the copper bath, 
where the film of arsenic should prevent the attack of the 
steel by the acid copper solution while the first copper is being 
deposited. The process has been applied commercially, but 
to no great extent. 

Examples of Thick Copper Deposition. Reference must now 
be made, though briefly, to a number of important applications 
of copper deposition in industry. Some are well known but 
others have received less publicity. 

Electrotyping or Electroforming. This process in¬ 
volves the reproduction of surfaces usually required for 
printing purposes. Engraved copper and steel plates, wood 
blocks and even set-up type come under this designation. A 
reproduction in electrolytic copper has many advantages. 
This is usually made by making an impression of the surface 
in some plastic material capable of faithful reproduction of 
all the fine points of the surface. Gutta-percha and various 
wax compositions meet this requirement. A mixture of bees¬ 
wax, Venice turpentine, and blacklead finds large application. 
These moulding compositions, however, do not possess con¬ 
ductance, this property being imparted superficially by the 
application of a film of the finest blacklead or other conducting 
matt /ial. A deposit of copper in the acid bath now becomes 
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possible and is made from a solution approximating in com¬ 
position to that given on page 210. After the first film is 
produced—and this should appear both quickly and smoothly 
—the deposition can be accelerated by increased current 
density with agitated solution until a deposit or shell of 
sufficient rigidity is obtained which readily strips from the 
wax surface. Lack of strength is now made good by the 
application of a backing of a hard lead alloy composition. 
The compound plate is then perfectly levelled, trimmed, and 
usually mounted on a hard wood block to bring it “type high.” 

Variations of this process allow of the reproduction of 
surfaces with much greater degrees of “relief” when com¬ 
positions with more elasticity must be employed. The process 
finds application in several departments of art metal work. 

Deposition of Copper Tubes. As far back as 1886 Elmore 
took out patents for a process for the production of copper 
tubes by deposition. Such tubes are therefore without seams, 
while good mechanical properties can be ensured by control 
of the deposition. Smooth steel tubes or mandrels were 
first given a film of copper in the cyanide solution, and after 
rinsing transferred to the sulphate bath. During the deposit¬ 
ing process, an agate burnisher was moved along the tube 
so that each successive film of copper was burnished before 
it had time to develop any trace of unevenness. Smooth 
deposits were thus obtained with enhanced mechanical proper¬ 
ties and these deposits were readily removed from their steel 
base and could then be drawn down to smaller dimensions as 
required. 

Copper sheets are produced in a similar manner, deposition 
taking place on a mandrel of large diameter carrying a longi¬ 
tudinal mark or scratch along which a weakness in the 
deposit is developed, enabling its removal in the form of a 
sheet which, as may be required, can then be rolled to smaller 
gauge. The production of copper ribbon and wire follows 
along similar lines, a good deal of work in this direction having 
been done by Cowper-Coles. These processes, moreover, have 
the advantage that anodes may be made of relatively cheap 
scrap copper so that the deposition also constitutes a process 
of refining. 

Reinforced Copper. A three-ply material with copper 
facings and a steel interior has been produced by fknny. 
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What copper may lack in mechanical strength is supplied by 
the steel. In the production of this material a perforated 
steel plate is cleaned and then given the necessary thin coating 
of copper from the cyanide solution. Heavy deposition is 
then supplied from the sulphate solution until the perforations 
are completely filled with copper and leave only a slight trace 
of their presence by depressions in the surface of the deposited 
copper. The copper deposits on either side are thus riveted 
together by the numerous deposits in the perforations. The 
compound plate can now be roiled to appreciably smaller 
thickness when, by the removal of some of the copper, it can 
be seen that the originally circular holes are now elliptical, 
indicating that the steel interior has rolled out with the copper. 

This three-ply metal can then be shaped in the ordinary 
manner, and thus combines all the chemical properties of the 
copper reinforced by the mechanical properties of the steel 
interior. 

Printing Rollers. The development of good quality 
copper by electrodeposition free from porosity and having 
a close-grained structure has furthered its application to the 
production of printing rollers for rotary work. This applica¬ 
tion has also been encouraged by the development of the 
photogravure process. In the deposition process the rollers 
are either totally submerged or only partially immersed in the 
depositing solution. The character of the deposit is, moreover, 
improved by the application of burnishers, usually of agate, 
during deposition, and in the resulting product there is freedom 
from the possibility of the detachment of the copper deposit 
from the steel mandrel under the pressure of the printing 
press. 

The steel cylinders naturally require a thin film of copper 
from the cy&nide solution prior to being introduced into the 
acid sulphate solution for the main deposit of copper. 

Electrolytic Copper Extraction. Although not within the 
immediate range of the subject of electroplating, brief reference 
to the application of the methods of deposition to the extrac¬ 
tion of copper from some of its—generally low grade—ores 
may not be too far out of place. Ores of this type occur in 
several parts of the world notably at Chili. The extraction of 
the metal by usual furnace methods is quite impracticable. 
In Chili, large quantities of ore containing a copper compound 
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composed of both the oxide and sulphate occur. This material 
is treated with sulphuric acid producing a solution of the sul¬ 
phate which, after suitable purification, is electrolysed with 
special insoluble anodes and thin pure copper cathodes. As 
copper is deposited from the solution, the original acid con¬ 
tent increases until a composition of solution is attained in 
which there is insufficient copper to yield a satisfactory deposit 
and sufficient acid to be of service in treating further quantities 
of the ore. The acid liquor is thus used cyclically. With the 
insoluble anode the bath voltage is of the order of 1*5 volts, 
and this, with a generally high current efficiency, accounts for 
the consumption of about 1500 kilowatt hours per ton of 
copper produced. This and similar extraction processes pos¬ 
sibly account for the production of no less than 200,000 
tons of the metal per annum, a significant yet not a large 
proportion of the copper which is in some measure due to the 
application of the principles of electrolysis. 

Electrolytic Refining. In this process large quantities of 
crude copper obtained by the ordinary metallurgical methods 
receive their final stage of purification by electro-deposition. 
It may with safety be said that this was one of the first pro¬ 
cesses to which current generated by the first dynamos was 
applied. In the preliminary processes of extraction, rapid and 
relatively cheap methods are used in order to extract the 
metal from its ores without any special care as to its com¬ 
position. It is characteristic of copper ores that they carry 
notable quantities of gold and silver, which noble metals 
involve tedious and expensive methods of elimination by the 
usual metallurgical or chemical processes. Their recovery 
is, however, readily effected during the refining process by 
electrodeposition. 

Briefly it may be said that, in a solution similar to that used 
for electrotyping, thick plates of crude copper are made anode 
to thin cathodes of pure copper. The electrodes are arranged 
so that there is a minimum internal resistance and consequently 
as low as 0-3 volt can be used for obtaining the required current 
density. The anodes decrease in thickness while the cathodes 
increase. Sooner or later the badly corroded and thin anodes 
are withdrawn and melted down with fresh crude copper for 
the further production of anodes, while the cathodes, after 
rinsing, come on to the market as cathode copper. 
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The crux of the process, however, lies in the choice of con¬ 
ditions to guarantee the deposition of copper free of the 
numerous impurities which are ordinarily present in the crude 
metal. Thus active metals like zinc, iron, and nickel are dis¬ 
solved from the anode, but there is no risk of their deposition in 
the relatively strong acid solution. Gold, when present, falls in 
the insoluble metallic form from the anode into a mud which 
collects at the bottom of the tank. Silver dissolves from the 
anode electrolytically, but the presence of small quantities of 
chlorides in the solution accounts for the precipitation of the 
silver into the mud as silver chloride. Other impurities as tin, 
antimony, and bismuth pass into the solution but are largely 
precipitated as basic compounds, while lead also passes into 
the mud as the insoluble sulphate. Special care in the control 
of the process is required to prevent the co-deposition of arsenic 
and bismuth, as these impurities very seriously affect the 
properties of the deposited copper. Without going into details, 
the fact that probably no fewer than 1,500,000 tons of copper 
are annually refined by this process to produce the “ bread ” of 
the electrical industries may be some assurance that these 
difficulties have been satisfactorily surmounted. With the 
soluble copper anodes only a low P.D. of about 0*3 volt is 
required, and this with a current efficiency approaching 100 
per cent, accounts for a consumption of electrical energy of 
the order of 250 to 300 units per ton. The cost of this at, say, 
a farthing a unit is easily exceeded by the interest on the value 
of the copper during its stay in the refinery. 

Analysis of Solutions 

The chief constituents required are the free acid and copper 
sulphate. Other constituents are also required on occasion. 

Free Acid . This is quickly determined by titration with semi¬ 
normal sodium carbonate. 

Dilute the acid bath to one-half its original strength. Take 
25 c. in a conical flask and run in from a burette the 
Femi-normal Na 2 C0 3 until there are the first signs of a per¬ 
manent turbidity. This represents the precipitation of copper 
'•'irbnnpf, after the free acid has been neutralized. 

v,nS0 4 + Na 2 C( - CuC0 3 | Na 2 80 4 
If irrm i., t.u *ait, tlie turbidity will have a slightly brown 
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colour. The turbidity can be easily judged by comparison 
with another sample ot the diluted solution to which no 
carbonate has been added. 

Now 

Na 2 C0 3 + H 2 S0 4 - Na 2 S0 4 f CO., + H>0 
106 98 

N 

— Na 2 C0 3 contains 26-5 grn. Na 2 CO ? per litre. 

Hence 1 cc ' = l orox foe = 0 0245 « m - H * so * 


Let x = c.c. sodium carbonate solution used. 


Then H 2 S0 4 per litre 


0-0245 xxx 1,000 X 2 
-25- 


Alternatively, if any difficulty is experienced in correctly 
judging the first appearance of the turbidity, methyl orange 
may be used as an indicator when, even in the presence of the 
copper salt, there will be a sharp change in the colour from 
purple to green at the point of neutralization. 

Further, if, instead of semi-normal sodium carbonate, a 
solution is used containing 10-82 gm. Na 2 C0 3 per litre and 
10 c.c. of the original copper solution is taken for the estimation 
then— ' 


c.c. of this Na 2 C0 3 solution = gm. H 2 S0 4 per litre. 


Estimation of Copper 

Density Method . It seldom happens that similar percentages 
of salts in solution give the same specific gravity. Within the 
limits of reasonable experimental error, however, this coin¬ 
cidence occurs with copper sulphate and sulphuric acid. In 
Table LIV the percentage strengths of the hvo ^ndi . is 
are taken from recognized authorities and from iiv.u 
grammes per litre have been calculated. 

This coincidence was checked by working 'c* a nu, * ct 
solutions in the laboratory and determining iht-ir no , 
These results are shown in Table LY. 
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TABLE LIV 

Strengths or Copper Sulphate and Sulphuric Acid 
Solutions 



Copper Sulphate 

Sulphuric Acid 

Percentage 

Strength 

1 Sp. Gr. 

i 

Grammes 
per Litre 
CuSO* . 5H 2 0 

i 

Sp. Gr. 

Grammes 
per Litre 

h 2 so 4 

1 

1 0063 

10-06 

1-0061 

10-06 

2 

10126 

20-25 

1-013 

20-26 

3 

10190 

30-57 

1-0198 

30-59 

5 

10319 

51-60 

1-0334 

51-67 

7 

1 0450 

73-15 

1-0474 

73-32 

10 

1 0649 

106-5 

1-0687 

106-9 

12 

1 0785 

129-5 

1-083 

130-0 

15 

1 0993 

164-9 

1-1048 

165-7 

20 

11354 

227-1 

1-143 

228-6 

30 

1-2146 

364-4 

1-221 

366-3 


TABLE LV 

Specific Gravities of Mixed Copper Sulphate and 
Sulphuric Acid Solutions 


Grammes per Litre 

Sp. Gr. 

CuS0 4 .5H,0 

H,so 4 

1 1 

300 

0 

1-185 

200 

100 

1*181 

150 

150 

1*183 

100 

200 

1*184 

0 

300 

1*186 


Upon this basis, a further table (LVI) has been drawn up for 
the combined contents of solutions with densities varying 
from 1*05 to 1 -22 and therefore covering the usual range of 
acid baths. These figures can, if required, be plotted to give 
intermediate; values. 
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TABLE LVI 

Specific Gravities and Contents of Mixed Solutions 


Sp. Gr. 

Grammes Mixed 
Compounds 
per Litre 

Sp. Gr. 

Grammes Mixed 
Compounds 
per Litre 

105 

77 

114 

223 

106 

93 

115 

239 

107 

109 

1*16 

256 

1-08 

125 

1-17 

274 

109 

142 

1*18 

292 

T-10 

158 

119 

310 

Ml 

175 

1-20 

328 

M2 

191 

1-21 

346 

M3 

207 

1-22 

364 


Now assuming that copper sulphate and acid are the only 
two constituents, these may be obtained by the determination 
of one of them, the other being obtained by difference. For 
example, a mixed solution was taken. Its density with the 
specific gravity bottle came to 1-094. Its total contents are 
therefore 148-4 gm. per litre. In the acid titration 10 c.c. 
took 10-5 c.c. N/2 Na 2 C0 3 representing an acid content of 25*7 
grm. per litre. The copper sulphate content is therefore 148*4 
— 25-7 =. 122-7 gm. per litre. 

More accurate methods are, however, required and these are 
carried out by chemical methods. 

Estimation of Copper Sulphate . The addition of potassium 
iodide to copper sulphate produces the following change— 

2 CuS0 4 + 4KI = Cu 2 I 2 + I 2 4- 2K 2 S0 4 

Cuprous iodide is a white insoluble compound but in the 
presence of free iodine looks brown. The iodine is removed by 
the addition of sodium thiosulphate as follows— 

2Na 2 S 2 0 3 + I 2 = 2NaI + Na 2 S 4 0 6 

v ™ .. y 

brown colourless compounds 

The standard solution is of sodium thiosulphate Na 2 S 2 0 3 5H 2 0 
of which 24-8 gm. are required to make a litre of deci-norinal 
solution. A study of the equivalent quantities will show that 

lc.c. N/10 “ thio” = 0-00636 gm. Cu. 
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For a number of purposes where the last degree of accuracy 
is not required, it might suffice to dissolve 25 gm. of the pure 
crystallized sodium thiosulphate and make it up to one litre. 
The error involved in this procedure would not be serious in a 
case in which there is considerable elasticity in the copper 
sulphate content of the solution. For more accurate work, 
however, a solution of “ thio ” would be made up of slightly 
greater strength and then standardized. 

Standardization of “Thio.” This may be effected by 
the use of a carefully prepared standard solution of iodine. 
Where copper estimations are concerned it would be more 
usual to standardize with either metallic copper or some pure 
copper salt. Of these, the sulphate is readily procurable in a 
pure form. 

Weigh out accurately about 4 gm. of copper sulphate, dis¬ 
solve in water and make up to 250 c.c. Shake. Pipette 25 c.c. 
of this solution into a conical flask. As a matter of practice of 
a good habit, add sufficient sodium carbonate solution to 
produce a turbidity, which is then redissolved in a minimum 
amount of acetic acid. Add 10 c.c. of a 10 per cent solution of 
potassium iodide (= 1 gm. KI). This precipitates cuprous 
iodide and sets iodine free. Titrate with the approximate 
“thio” solution from a burette until the iodine colour, which is 
accentuated towards the end of the reaction by the addition of 
a little starch solution giving a blue colour, just disappears, 
leaving the white precipitate of cuprous iodide. 

In a typical example— 

Weight of copper sulphate = 4 025 gm. 

Dissolved and made up to 250 c.c. 

25 c.c. of this solution required on an average of three 
titrations 16*7 c.c. “ thio.” 


Hence 

1 c.c. “thio” 


63*6 4025 25 1 

249-6 X 1 X 250 X 16-7 


= 0 0064 gm. Cu. 

The Estimation of Copper. This follows exactly the same 
procedure as the standardization. Take 5 c.c. of the copper 
solution. Dilute and add solid sodium carbonate to produce 
the jjerrnaneni turbidity. (When using KI there must not be 
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present any free mineral acid. Sodium carbonate effects the 
neutralization of this free mineral acid.) Just clear the tur¬ 
bidity with acetic acid. Add 10 c.c. of the KI solution. 
Titrate with the same “ thio ” solution using starch as the in¬ 
dicator towards the end of the process. Assume that as an 
average of three titrations 25*5 c.c. of “ thio ” are required. 
Then— 

„ _ 25-5 x 0 0064 x 1,000 

Grammes copper per litre =--- 

o 

= 32-6 

and this is equivalent to practically four times its weight of the 
crystallized salt which is therefore present to the extent of 
32*6 X 4 = 130 gm. per litre. 

An Alternative Standard “Thio” Solution. Now a “thio” solu¬ 
tion containing exactly 24-8 gm. of the crystals per litre has a 
copper value of 0-00636 gm. A simple calculation shows that 
a stronger “thio” solution containing 39 gm. per litre will have 
a copper value of 0 01 gm. per c.c. Each c.c. of this solution 
required to give the reaction with 10 c.c. of the copper bath 
represents 0-01 gm. Cu per 10 c.c. of the bath and this is 
equivalent to 1 gm. per litre. 

Hence— 

c.c. “ thio ” per 10 c.c. bath = gm. Cu per litre. 

By the choice of these solutions the grammes of copper pq|j| 
litre of solution are read directly from the burette. 

Comparison with Density Determination. A common dis¬ 
crepancy in this method of estimation is illustrated in the 
following example— 

Sp. Gr. of copper solution = 1-063. 

Combined content of acid and copper sulphate is therefore 

98-8 gm. 

Acid determination gave 12-5 gm. per litre. 

Copper sulphate determined by titration = 81 gm. per 

litre, giving a total of 93-5 gm. as against 98-8 by density. 

This discrepancy is invariably due to the presence of iron 
salts in the solution, probably originally in the copper salts 
but also from other incidental causes. The iron compound is 
most probably ferrous sulphate FeS0 4 .7H 2 0 Its estimai *on vj 
easily carried out gravimetrieally. 
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Estimation of Iron . Take 10 c.c. of the solution. Warm and 
add a few drops of str. HN0 3 to oxidize ferrous to ferric com¬ 
pounds. Dilute and add an excess of ammonia solution. This 
precipitates and redissolves the copper and precipitates the 
iron as brown ferric hydroxide Fe(OH) 3 . Filter the deep blue 
solution and wash the ppt. with hot water. After washing it 
will be observed that the ppt. instead of being of a clean brown 
colour is greenish - brown, due to the presence of some copper 
compound. This is a common experience when attempting to 
separate a small constituent from a large one. The difficulty 
is overcome by redissolving the ppt. in warm dilute HC1 
poured on to the filter, subsequently washing the filter well 
with hot water. From the solution the iron is again pre¬ 
cipitated with ammonia, filtered and thoroughly washed. The 
filter is then dried, folded up (ppt. inside) and put into a 
weighed porcelain crucible and heated to redness. The paper 
is burnt away with the exception of the ash and the iron 
compound reduced to Fe 2 0 3 . 

In the case under consideration— 

10 c.c. of solution gave 0 015 gm. Fe 2 0 3 . 

Now Fe 2 0 3 comes from 2FeS0 4 .7H 2 0 
160 2 x 278 

% 

Hence 1 litre of copper solution contains— 

6* 0-015 X X ~~ = 5-2 gm . FeS0 4 .7H 2 0 

giving reasonable agreement with the deficiency noted above. 
The example is taken from actual experience and it may be 
added that this small amount of iron sulphate produces no 
difference ia.the working of the copper solution. In fact, in 
similar solutions used for the electrolytic refining of copper, 
ferrous sulphate accumulates to a considerable extent before 
its removal becomes necessary. 

Alternative Method for Iron, Take 10 c.c. of the solution. 
Dilute, warm, and saturate with HgS. This precipitates the 
whole of the copper in an easily filterable form. Filter and 
wash the ppt. adding together the filtrate and washings and 
neglecting the ppt. Boil the solution till free from HjS, this 
being determined by the use of lead acetate paper. Add a little 
strong nitric acid to oxidize ferrous to ferric compounds. Cool 



DEPOSITION OF COPPER 


227 


and add excess of ammonia solution. This precipitates the 
iron as ferric hydroxide (Fe(OH) 3 ), which is filtered off, washed, 
dried, and ignited to Fe 2 0 3 , the calculation being the same as 
in the previous method. This method of separating the large 
excess of copper is quicker and cleaner than that involving the 
excess of ammonia. 

Estimation of Phenol or its Sulphonic Acffl. While not of 
very general need, this may be of some advantage to those 
using this addition agent. The estimation is based on the fact 
that phenol (C 6 H 5 OH) or its sulphonic acid (C 6 H 4 .S0 3 H.0H) 
combine with bromine to form tri-bromphenol (C 6 H 2 . Br 3 . 
OH). The use of phenol, however, leads to the formation of 
both hydroquinone (C 6 H 4 (OH) 2 ) and quinone (C 6 H 4 0 2 ), both 
of which also react with bromine, so that the result can only 
be approximate and is best expressed as the “equivalent 
phenol.” 

Prepare a standard bromine solution (alternatively this may 
be purchased from a supply house) of N/10 strength. This wall 
contain— 

Potassium bromate . . . 208 gm. 

Potassium bromide . . 12 „ 

Bromine . . . . . 8 „ 

Water . . to 1 litre 

Take 10 c.c. of the copper sulphate solution and dilute to 
50 c.c. Add 2 gm. of 20 mesh granulated zinc to precipitate 
the copper which is filtered off, the filtrate being collectecLg^ 
a 200 c.c. flask. To the solution add 10 c.c. of the standaFcF 
bromine solution and 50 c.c. cone. HC1. Close the flask with 
a rubber stopper and warm in a water bath to 50° C. for half 
an hour. During this time the phenol compound is taking up 
its equivalent of bromine to form the tribromide compound 
and an excess of bromine will remain free. Cod. Add 10 c.c. 
of 10 per cent KI from which the free bromine liberates 
iodine— 

Br 2 + 2KI = 2KBr + I 2 

The free iodine is now titrated with N/10 “thio.” Then as- - 
3Br = 31 
3 x 80 = 3 X 127 

1 c.c. thio =--= 008 gm. Br. 
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Assume 7 e.c. “thio” used = 7 x *008 = *056 gm. Br. 
Now 10 c.e. N/10 Br. soln. contain *08 gm Br. 
and Br. found by “ thio ” titration — -056 „ 

Hence Br absorbed by phenol = -024 ,, 

Further— 

C 6 H 5 OH - 3 Br 

94 3 X 80= 240 

Hence soln. contains— 

94 x 024 x 10(H) „ . 0| . . r , 

-———- -— r ~ hcpiiv. *94 gm. phenol per litre. 
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Alkaline Baths 

Introduction—S olutions—-The Rochelle salt solution—Brighteners— 
Chevreul's solution—Control of solutions—Operating conditions— 
Effect of carbonates—Defects in working—Concentrated copper 
cyanide baths—Solution for coppering zinc-base die castings— 
Stripping copper deposits—Theory of process—Non-cyanide solu¬ 
tions for coppering iron and steel—Ethanol ami ne solution—Thio¬ 
sulphate solution—Analysis of cyanide copper solutions 

Introduction. There are, as has been stated, requirements 
in copper deposition which are not met by the acid copper sul¬ 
phate bath. These are supplied by the use of what is called the 
alkaline or cyanide solution. In this solution the copper com¬ 
pound is more stable than the sulphate. This is shown when 
iron, dipped in the cyanide solution, does not become coated 
with copper by simple immersion. The essential compound of 
this solution is either copper potassium cyanide (CuCN.2KCN) 
or copper sodium cyanide (CuCN.2NaCN). These salts can 
be purchased, but it is more usual to prepare them from other 
materials. 

A further constituent of the solution is an alkaline cyanide 
which is free, or uncombined with copper. Its function is 
keep the anodes free from the insoluble single copper cyanide 
which is anodically formed there. Occasionally also, con¬ 
ducting salts are added. 

Solutions. The strength of these solutions can best be 
expressed in terms of the metal content. This may vary from 
15 to 30 gm. per litre. Adopting 25 gm. as the metal content, 
this is equivalent to 1 lb. of copper sulphate per gallon. Two 
solutions may be given. They are— 


Sodium cyanide (130%) . 

. 4$ oz. 

28 gm 

Copper cyanide (65%) 

. 4 „ 

25 „ 

Sodium bisulphite 

• i „ 

:* „ 

Sodium carbonate . 

1 „ 


Water .... 

1 gal. 

1 litj* 


The sodium cyanide is dissolved in the water and. a^-.r 
warming, which, however, is not vitally nrc^ssary fb'.igh 
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desirable, the single copper cyanide is added, followed by 
the other two constituents. There should be no difficulty in 
dissolving the salts. 

From the following expressions— 

CuCN + 2NaCN -> Na 2 Cu(CN), 

89*6 98 

it can easily be seen that the solution of 1 lb. of pure CuCN 
requires 1*093 lb. NaCN (130%). 

(2) Sodium cyanide . . . 9*6 oz. 60 pm. 

Copper carbonate (58% Cu) . . 6-7 „ 42 „ 

Sodium bisulphite . . . 3-0 „ 19 „ 

Water . .1 gal. 1 litre 

The sodium cyanide is dissolved in the warmed water and the 
copper carbonate added a little at a time with stirring. It 
should be completely dissolved without difficulty. The remain¬ 
ing constituents are then added. 

Alternatively the copper carbonate can be dissolved in a 
solution made from the sodium cyanide dissolved in three- 
quarters of the water, the other ingredients being separately 
dissolved in the remaining quarter of the water and the two 
solutions mixed. Such alternative methods will be obvious 
to the intelligent plater, though with lack of chemical know¬ 
ledge it is easy to go wrong at first. 

A slight knowledge of chemistry will further show that the 
two formulae given are very similar. The actual materials 
mixed in making the solution are not so important as those 
which are formed by their interaction. 

The Rochelle Salt Solution. This solution which contains a 
large proportion of Rochelle salt (XaKC 4 H 4 0 6 .4H s O) has of 
kfcte years come into extended use. More recently it has been 
exhaustively studied by Graham and Read,* who suggest the 
following as the most appropriate composition and desirable 
limits for each of the constituents— 



Normal Compn. 

Limits 

Topper cyanide 

. 4*2 oz. 

3-6 - 7 2 

Sodium cyanide (total) 

. 5-5 „ 

4*8 - 5-6 

Sodium cyanide* (free) 

•» „ 

•6 - 1-2 

Rochelle salt 

. 96 „ 

7-2 - 9-6 

Sodium carbonate 

4-8 

2*4 - 9-6 

pH .. . 

. 12-6 „ 

12*2 128 

Water . 

1 gal. 



* Met. hid. (N.r.) Noo., 1937. 
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The pH is adjusted by the addition of caustic soda if it is 
low, and when high by the addition of sulphuric acid, this 
latter addition being made with ample ventilation to take 
off the HCN fumes. 

It is recommended that the solution be worked at a tem¬ 
perature of from 120° to 190° F., though the higher tempera¬ 
ture gives rise to the more rapid decomposition of the cyanides 
with the resultant accumulation of carbonates. Current den¬ 
sities up to 90 amperes per sq. ft. are permissible, a usual figure 
being of the order of 40 amperes per sq. ft. The current 
efficiency varies with C.D. With 20 amperes per sq. ft. it is 
60 per cent at 130° F. and 73 per cent at 160° F., while at 
60 amperes per sq. ft. it is 30 per cent at 130° F. and 43 per 
cent at 160° F. 

Anode area should be about twice that of the cathode with 
a small proportion of anode in the insoluble form such, for 
example, as iron. Generally speaking the deposits are brighter 
than those of the acid bath. Comparing the weights of the 
deposit it will be noted that the copper is in the cuprous form, 
and that a current efficiency of 50 per cent will give a deposit 
equal to that of the acid bath with its current efficiency of 
nearly 100 per cent. Hence with a C.D. of 40 amperes per 
sq. ft. the rate of deposition will give a thickness of 0-0003 in. 
in eight minutes. 

Of the constituents the free cyanide needs to be kept closely 
within the limits laid down. Rochelle salt loss is wholly by 
drag out and can readily be made good by additions after 
chemical analysis, at least until some good idea of this drag- 
out loss has been ascertained over a lengthy period of 
operations. 

Brighteners. A number of materials are frequently added 
to the cyanide copper bath to improve the quality of the 
deposit. These are commonly called brighteners , and they 
include small amounts of arsenic (applied as a solution of 
arsenious acid (As 2 0 3 ) dissolved in sodium or potassium 
cyanide). Other compounds include sodium thiosulphate 
(Na 2 S 2 0 3 .5H 2 0) or “hypo” as it is frequently termed. 

Chevreul’s Solution. This solution, named after the French 
chemist who proposed it, yields very satisfactory deposits. 
Ita chief constituent is a sulphite of copper having the formula 
CuS 0 3 *CS|^ 03 . 2 H 2 0 . It is a cupric cuprous sulphite readily 
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made by adding a hot strong solution of sodium sulphite to 
one of copper sulphate. This preparation is not recommended 
to the plater. The substance is conveniently obtained from 
the supply houses as a red powder containing approximately 
49*3 per cent copper. 

A composition of the solution is as follows— 

Sodium cyanide . 5J oz. 34 grn. 

ChevreuTs salt . 4J „ 28 „ 

Water . . .1 gal. 1 litre 

An equivalent weight of potassium cyanide may be used, if 
preferred. The cyanide is dissolved in the warmed water, and 
the red compound added a little at a time with stirring. It 
readily dissolves, and the solution is at once available for 
working. It will, however, be found that a new solution does 
not give the best results at once. Some small amount of 
working seems necessary to allow the constituents of solutions 
to become stabilized. 

Copper cyanide solutions are usually worked warm. If re¬ 
quired to be used cold, they should contain a larger propor¬ 
tion of free cyanide, this being necessary to keep the anodes 
sufficiently clean and free from the insoluble single cyanide 
which is not so readily dissolved by the cold cyanide. A 
usual temperature is about 50° C. (122° F.). There is some 
latitude about this figure. Again a little experience will be 
worth a lot of written detail. 

The solutions are usually contained in iron or steel tanks, 
the solution being heated when required either by gas jets 
below the tanks or preferably by some type of heating and 
circulating coil. 

Control o! Solution. A simple method for exercising some 
control in the composition of these solutions has been des¬ 
cribed by Pinner and Baker* who used a bent cathode for this 
purpose. Strips of steel 1 in. wide are bent at right angles 
1 in. from the end and used as cathodes, the throwing power 
of the solution then being shown qualitatively by the extent 
to which imposition takes place in the recessed bend which is 
presented to the anode. It is claimed that the ratio of free 
cyanide to the copper compound can easily be kept to a 
dc.Mralde figure by this test, together with some good idea 
of tLe requisite proportions of other constituents, suefr as 
* Tran*. Atner. Klectrochem. Soc. f Ivii, 89 (1930). 
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carbonates and sodium thiosulphate, and also current density 
and temperature conditions. 

Operating Conditions. There arc some plating solutions 
about which it is difficult to give precise conditions of operation. 
In this case it is not usual to give exact figures either for the 
current density or the P.D. to be employed. With the solu¬ 
tions given above, a P.D. of 2 to 3 volts should suffice when 
the solution is warm, a cold solution requiring a somewhat 
higher P.D. Again the C.D. is of no great importance, the 
quality of the deposit being gauged rather by its appearance. 
In very few cases is the solution used for purposes other than 
obtaining light deposits upon metals which cannot be treated 
in the acid bath. Evolution of gas usually accompanies depo^ 
sition of the metal, and this militates against specifying a 
definite C.D. 

The usual procedure is that of producing a perfect though 
light deposit on such metals as iron and steel, Britannia metal, 
zinc, etc., a thicker deposit of copper, if required, being then 
produced in the acid bath. Occasionally a thin, bright deposit 
will be applied to brass articles, on which a finish is required 
such as the acid bath does not give. Only very occasionally 
will a serviceably thick deposit be given in the cyanide solu¬ 
tion, and this only in works which might have no use for the 
sulphate solution to justify keeping such a solution in stock. 

It will be recalled that 1 ampere deposits twice as much metal 
from this solution as from the acid bath when the conditions 
of the solution are right for quantitative work. More fre¬ 
quently, however, the actual weight of the deposit will be 
less than that from the acid bath. This is of no great concern 
when quality counts rather than quantity. 

Effect of Carbonates. The frequent addition of cyanides 
ultimately leads to the accumulation of carbonates in the 
solution as, by decomposition, the cyanides are converted 
into carbonates. Here the use of potassium cyanide shows to 
advantage, as potassium carbonate is far more soluble than 
the corresponding sodium compound. For removing large 
quantities of carbonates the solution may be e^ nor a ted 
somewhat and cooled, when some of the carbonate will crvstal- 
lize out, leaving a smaller and more desirable quant’u y iv \>iie 
solution. A more extended reference to the choice of cyanides 
is made in Chapter XIII dealing with silver plaUny. 
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Defects in Working. A number of common troubles in 
working this solution are easily rectified. The most common 
is that due to the lack of free cyanide. There appears on the 
anode a slime, which may be green and even the solution 
may turn green. The green slime is a basic single copper 
cyanide. This slime may~detaeh itselTfrom the anode, float 
in the solution, and even become attached to the cathode, 
giving rise to rough deposits and a tendency to stripping, even 
when the work has been properly cleaned. Cyanide must, 
therefore, be added, first to decolorize the solution and then 
to allow the anodes to work clean. Excessive cyanide causes 
gassing, with a reduction in the amount of metal deposited. 
Trials on a two gallon sample are preferable, the bath then 
being corrected when the proper proportions have been 
determined. 

Dark deposits with roughness are obviously due to too high 
a C.D., while roughness may further be due to material 
floating in the solution. These faults are easily corrected. 

Excessive free cyanide, evidenced by undue gassing with 
little deposit, is corrected by the addition of copper carbonate 
to the warm solution with stirring. The carbonate will dis¬ 
solve in the cold solution, but much better when the solution 
is warm. The addition of carbonate should not be sufficient 
to cause a green solution. If this should happen a further 
addition of free cyanide can then be made. Excess free cyanide 
may also be removed by the addition of the copper sulphite 
(red ppt) referred to previously. 

Both excessive free cyanide and also floating material may 
give rise to blistery deposits, which, when scratch-brushed or 
polished, are removed, but similar non-adhesive deposits may 
arise when both the solution and operating conditions are 
right but the work imperfectly cleaned, scale or oxide not 
having been completely removed. This, however, is a fault 
which, with a plater of some experience, is not likely to arise 
often, a little experience proving the best tutor. 

Especially with cast work, troubles arise with cyanide solu¬ 
tions, and to a lesser extent with all others owing to the 
porous nature of the metal. There are likely to be microscopic 
pores in the metal which are not visible to the naked eye. 
However small they may be, they retain solution which is 
not removed by rapid rinsing. These minute drops of retained 
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solution soon give rise to chemical reactions with the forma¬ 
tion of “ spots.” “ Spotting out ” is a common platers* trouble. 
An appreciation of the cause will soon suggest to the in¬ 
telligent plater with some experience methods for its elimina¬ 
tion. After rinsing the work in cold water it will be advisable 
to pass the work through a weak acid, either sulphuric, phos¬ 
phoric, or acetic, not exceeding 2 per cent. The acids decom¬ 
pose the cyanide salts, and produce compounds which are 
more rapidly washed out. Again rinse in cold water, not too 
sparingly. A further step towards eliminating the trouble is 
that of passing the work alternately through hot and cold 
water. Hot water expands the metal, closing the pores and 
squeezing out the solution, while cold water following, con¬ 
tracts the metal, opens the pores, and draws in clean water. 
A final rinse in hot water and hot drying completes the process. 

When cyanide coppering some metals as lead and iron a 
smaller amount of free cyanide in the solution is desirable. 

Concentrated Cyanide Copper Baths. While the cyanide 
copper solution has for so long been used to give only a rela¬ 
tively thin deposit which is subsequently thickened in the 
acid bath, the solution possesses a number of properties which 
seem to indicate its probable application for thick deposits, 
thereby cutting out the need for the additional sulphate solu¬ 
tion, and thus saving an operation. Two of these advantages 
are, (1) the high chemical equivalent of the cuprous ion (which 
in ordinary solutions is offset by the low cathode efficiency), 
and (2) the much greater throwing power than that of the acid 
bath. 

It is not surprising therefore that the possibilities of the 
solution for thick deposits have attracted the attention of 
some workers with a view to extending its range of application 
in this direction. 

Dr. L. C. Pan* has investigated the problem and as a 
result of extensive experimental work suggests the following 
solution— 

Copper cyanide (CuCN) . . 90 gm. per litre 

Sodium cyanide (NaCN) . .106 ,, 

Free cyanide (NaCN) .... 6 

Sodium carbonate (Na a C0 3 ) . .78 „ 

This .solution is worked at a temperature of about 20 C- 
♦ Trans . Amsr , Electrochem. Soc lxviii, 471, 1935. 
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with a current density of 18 to 20 amperes per sq. ft. A smooth 
matte deposit is obtained with a current efficiency of 95 per 
cent. The anode assumes a blue coloration, which disappears in 
the electrolyte. 

The advantage of this method of operation will be apparent. 
The acid bath works with a current efficiency of, say, 97 per 
cent with a chemical equivalent of only half that of the cyanide 
bath. Per ampere hour, therefore, we get practically double the 
amount of copper from the cyanide solution. The current 
density, too, is now within the range of that of the acid bath 
at, say, 20 ampere per sq. ft. so that the speed of plating in the 
new cyanide solution is twice that of the ordinary acid bath. 

The acid bath is notoriously poor in throwing power, while 
that of the cyanide solution ranks among the highest of all 
plating solutions. Further, the solution being applicable to iron 
and steel, there would seem to be little further need for the 
installation of the acid bath in many examples of the coppering 
of iron and steel and other base metals. This is another case in 
which long established custom is giving way before modern 
research. 

Solution for Plating Zinc-base Die Castings. The very 
active character of zinc calls for some special composition of 
solution in which this metal should be plated. It is well known 
that there is some difficulty in handling this metal even in 
cyanide solutions. Blistering of the deposit is a common 
experience, and the solubility of the metal in relatively strong 
cyanide solutions is another cause of trouble. In fact, copper 
can be replaced by zinc from the cyanide bath if there is an 
excess of free cyanide. This is a condition which therefore must 
be rigidly avoided. A solution* suggested for this purpose 
is— 

Copper cyanide . 25 to 35 gm. per litre 

Sodium cyanide 17 to 25 ,, 

Sodium carbonate. not exceeding 30 „ 

The composition leaves a minimum of free cyanide. The 
solution is worked at a temperature of 100° to 115° F. at a 
current density of 15 amperes per sq. ft. The usua) tank voltage 
will then be of the order of 3 volts. Under these conditions a 
idx-Eiinute deposit gives a thickness of 0*0001 in. with a current 
eifioi mry of 00 per cent. This is considered to suffice when an 
* McntUlij Review, Amer. Electro •plater 9 * &QC., Oct., 1935. 



DEPOSITION OP COPPER 


237 


acid copper deposit is to follow. In the absence of a sub¬ 
sequent sulphate coat, the time of deposition should be in¬ 
creased to 18 minutes with a thickness of 0*0003 in. It is also 
recommended that the articles should, after removal of grease, 
have a brief (not more than a few seconds) dip in a weak acid 
solution. This may be of hydrofluoric, hydrochloric, or sul¬ 
phuric acid to produce a slight etch. These acids should only 
be of the order of a few per cent in strength. 

Stripping Copper Deposits. The stripping of copper deposits 
is not often necessary. Acid dip methods are not usually 
possible owing to the severe attack of the acids necessary to 
remove the copper from the basis metal. Electrolytic methods 
are therefore to be preferred. 

Solution— 

Sodium cyanide . . . 12 oz. login. 

Sodium carbonate . 12 ,, 75 

Water . . . to 1 gal. 1 litre 

Tlu* work is made the anode in this solution which may be 
contained in an iron tank which can constitute the cathode 
and worked at 150° F. This gentle treatment should leave 
the basis metal with a minimum of attack. 

Theory of the Process. These formulae, Na 2 Cu(CN) 3 and 
K 2 Cu(CN) 3 , have been definitely established by dissolving 
pure cuprous cyanide (CuCN) in an excess of the alkali cyanide 
(NaCN or KCN) and the excess of cyanide or free cyanide 
determined (page 240). 

Dissociation proceeds as follows— 

CuCN.2NaCN ^ 2Na- + Cu(CN) 3 ~“ 

Earlier theory suggested that the sodium ions at the cathode 
reacted with the molecular double cyanide thus— 

2Na + 2(CuCN.2NaCN) = 2Cu + 6NaCN 

precipitating copper on the cathode as the result of a secondary 
reaction. These reactions fully account for the quantitative 
relationships of the deposited copper, and the fact that free 
oyanide is formed at the anode whereas it is required at the 
cathode. The more modern conception is that the complexion 
Cu(CN) 3 is further dissociated thus— 

Cu(CN) 9 - Civ + 3CN“ 
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to a relatively small degree so that, although the original double 
cyanide is fairly concentrated, the concentration of the 
cuprous ions is only of the order of milli-normal, and that these 
cuprous ions are deposited preferentially to the sodium, and 
copper therefore appears as the product} of the primary reac¬ 
tion. It must be remembered that, however slight the degree 
of dissociation, the removal of the cuprous ions leads to the 
instantaneous dissociation of more of the double cyanide, so 
that the concentration of the cuprous ions, though small, is 
maintained. 

In addition, there will be the usual chemical reactions asso¬ 
ciated with the use of alkali cyanides in warm solutions. These 
have already been referred to in Chapter V. 

Non-Cyanide Solution for Depositing Copper on Iron. Prior 
to the introduction of the alkaline cyanide copper solution 
there were many attempts to deposit copper on iron and thus 
impart to that rapidly rusting metal the degree of permanence 
characteristic of copper. As is well known, many of these 
solutions were compounded with copper sulphate to which 
alkali was added in the presence of organic compounds as 
Rochelle salt (NaKC 4 H 4 0„), thereby forming soluble complex 
compounds. In these cases it is only necessary to impart the 
thinnest film of copper so long as it is continuous and offers 
no possibility of access of the acid in the sulphate bath which 
must subsequently be used to obtain a substantially thick 
deposit. This thin deposition is referred to as “strike plating” 
and Brown and Mathers* proposed the following solution for 
this purpose— 

Copper sulphate ..... 60 gm. per litre 

Sodium hydroxide 50 ,, „ 

Sodium potassium tartrate 160 ,, „ 

This solution works tolerably well with a current density of 
4 to 5 amperes per sq. ft. The current efficiency exceeds 100 
per cent calculated on divalent copper due doubtless to the 
fact that some cuprous ions are present. 

Another solution proposed by Dr. Elsoner is— 

Potassium bi-tartrate (cream of tartar). . .' 100 gm. 

Water ........ I litre 

to which is added copper carbonate to saturation, filtering off 
* Trans. Amer. Electrochem . Soc. % lxix, 39, 1936. 
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excess of the copper carbonate, and then making the solution 
alkaline with potassium carbonate. The permissible C.D. is 
of the order of 2—2*5 amperes per sq. ft. 

These solutions, too, have their application in the attempt 
to plate copper on to silver mirrors obtained on glass. Such 
silver deposits are necessarily very thin and are quickly 
removed in the ordinary acid bath. With the organic alkaline 
baths satisfactory deposits can be obtained upon this filrta of 
silver and may be subsequently thickened in the acid solution. 

Ethanolamine Solution. More recently solutions have been 
proposed and worked out by Brockman and Brewer* contain¬ 
ing notable quantities of the ethanolamines. The most satis¬ 
factory example of these compounds is the triethanolamine 
or tri-hydroxy-ethylamine [N(CH 2 .CH 2 OH)] 3 . This compound 
is obtainable at chemical supply houses. The solution is as 
follows— 

Copper sulphate . . . . .15 gm. per litre 

Sodium oxalate . . . . 10 „ „ 

Triethanolamine . . . .22 c.c. „ 

A current density of 3-6 amperes per sq. ft. applied for 60 to 
70 seconds gives deposits substantial enough to be transferred 
to the acid solution without fear of stripping. The solution, 
too, is non-poisonous, while from it, copper can be deposited 
at a much higher current efficiency than previous solutions 
for the flash plating of copper on steel. The permissible rate of* 
deposition is greater than previous alkaline baths and this 
constitutes an advantage. 

Thiosulphate Solution. The possibility of sodium thio¬ 
sulphate solutions was suggested by Gernes in 1932. More 
recently Gernes, Loring, and Monti 1 Ion j have more closely 
examined solutions of this type with successful results. Such 
solutions have the great advantage of being non-poisonous. 
The following composition is recommended— 

Sodium thiosulphate (Na 2 S 2 0 3 .5H a O) . . 2 lbs. 200 gm. 

Cuprous chloride (Cu a Cl t ) . . 3 oz. 20 ,, 

Sodium bisulphite (NaHSO a ) . . 1J „ 10 ,, 

Water ....... to 1 gal. 1 litre. 

Satisfactory bright deposits are obtained on iron and steel 
at 25° C. and a C.D. of 1 amp./dm. 2 (approx. 10 amp.,sq. ft.) 

* Trans. Atncr. Electrochem. Soc., lxix, 535, 1936. 

+ Trans . Amcr. Electrochem . Soc.. 1940, lxxvii, 177. 
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with a cathode efficiency of 85-90jj)er cent. There should be 
little or no cupric compound present and the solution is 
stable so long as the ratio of* “thio” to cuprous chloride does 
not fall below 10 : 1. No deposition takes place by simple 
immersion. 


Analysis of Cyanide Topper Solutions 


Only two estimations are usually required, the free cyanide 
and copper. 

Free Cyanide. This follows the usual procedure for cyanides. 
Take 20 c.c. of solution, dilute, warm and add a few drops 
of KI titrate with N/10 AgN0 3 to produce the first faint 
turbidity. 

Now 1 c.c. N/10 AgN0 3 = 0 013 gm. KCN 

= 0-0098 gm. NaCN 
Hence cyanide content as KCN— 


N x 013^1,000 
“20 


gm. per litre 


as NaCN = 


Nx-0098x1,000 
20 


gm. per litre. 


Copper. Take 10 c.c. solution. Add 5 c.c. cone. H 2 S0 4 and 
a few drops of str. HN0 3 . Heat to decompose all cyanide com- 
*pounds and to expel nitric acid. Continue heating until white 
fumes appear. These are sulphuric acid following the expulsion 
of the cyanide and HN0 3 . Cool and dilute. The solution now 
contains copper sulphate. Neutralize free H 2 S0 4 with solid 
NajjCOg and dissolve turbidity with acetic acid. Add 10 c.c. 
10 per cent KI and titrate with N/10 sodium thiosulphate 
solution, finishing with starch solution as indicator. To ensure 
completion of the reaction, add a further small quantity of 
KI. Note c.c. “ thio ” used, say N. 

Now 1 c.c. “thio” = 0-00636 gm. Cu. 

Hence copper content of solution is— 

N X 0-00636 X 1,000 
--g m . p er litre. 


All cyanide solutions will contain considerable quantities 
of carbonates. There is little need to estimate these in the 
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case of the copper solution, but, if required, the procedure wilt* 
be that given for carbonates in silver solution. 

Rochelle Salt. The increasing use of this type of solution 
calls for a method for the estimation of its characteristic con¬ 
stituent. The following method recommended by Mr. Myron 
Diggin requires some careful manipulation, but should not be 
beyond the analyst who usually deals with the analysis of 
electro-depositing solutions. The method calls first for the 
elimination of the copper, afterwards precipitating the tartrate 
compound as insoluble acid potassium tartrate (KHCJI 4 0 6 ) 
and from the standard alkali required to reconvert it into 
Rochelle salt, calculating the amount originally present in 
the solution. The procedure is as follows— 

Ten c.e. of the solution is transferred to a 250 c.c. flask. 
Add 10 c.e. of cone. HC1 and 15 c.c. of distilled water. Boil 
until the solution becomes greenish blue and is free from 
turbidity. This destroys the cyanide compounds. Dilute and 
while still warm precipitate the copper from the acid solution 
by the addition of 10 c.c. of a 15 per cent solution of sodium 
sulphide. Filter and wash the ppt. with water containing 
HoS. This is to ensure the retention of the copper in the ppt. 
form as it is liable to oxidation back into the soluble form. 
The filtrate and washings now contain the Rochelle salt free 
from copper. Boil to eliminate H 2 S and by the addition of 
K 2 CO ;j make the solution just alkaline to litmus. Evaporate 
to a small bulk, say to 20-25 c.c. Add 7 c.c. glacial acetic 
acid and 100 c.e. of 95 per cent alcohol. The acetic acid con¬ 
verts the Rochelle salt into potassium hydrogen tartrate which 
is only sparingly soluble in water (hence the reason for keeping 
the bulk of the solution small) and still less soluble (or prac¬ 
tically insoluble) in alcohol. The mixture is allowed to stand 
for .15 minutes with stirring, after which it is filtered, washing 
four times each with 25 c.c. of alcohol. This eliminates all 
free acetic acid. Transfer ppt. and paper to a 150 c.c. beaker, 
add a few drops of thymolphthalein (as an indicator, similar 
to phenolphthalein) and titrate with decinormal sodium 
hydroxide (NaOH). The titration is conducted in a hot solu¬ 
tion until the first permanent blue colour is obi lined This 
marks the reconversion of the insoluble potassium hit art ^.e 
into Rochelle salt as follows— 

KHC 4 H 4 C\ + NaOH - KNaC 4 H 4 0 G |- HD 
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The Rochelle salt in common use is the crystalline form 
(KNaC 4 H 4 0 6 .4H 2 0) with a molecular weight of 282 and 
equivalent, therefore, to 40 of NaOH. 

Now 1 c.c. . IN . INaOH contains 0*004 gm. NaOH, equiva¬ 
lent to 0*0282 gm. Rochelle salt. 

Hence gm. Rochelle salt per litre is— 

1000 

c.c. . IN . NaOH X 0 0282 x ™ 

and as ounces per gallon— 

c.c. NaOH X 2-82 x 

28*4 

Hence oz. Rochelle salt per gallon 

= c.c.. IN . NaOH x 0*451 (per 10 c.c. of solution used) 

Note. The end point of the titration is less definite in the 
presence of undue amounts of iron, in which case a smaller 
volume of the solution can be taken for the analysis, making 
due correction in the final calculation. 



CHAPTER XIII 
DEPOSITION OF SILVER 

Whitening — Electro-silvering — Metal content of the solution — 
Anodes — Vats — Cathode connections — Quicking — Deposition of 
silver on lead and tin alloys—Steel work—Bright plating—Doctor¬ 
ing—Rate of deposition—Weight and thiokness of silver deposits— 
Automatic plating—Throwing power—Electrolytic polishing— 
Applications of silver deposition—Troubles in the silver bath— 
Decarbonating—Recovery of silver—Stripping silver deposits— 
Analysis of solution 

Silver-plating can claim to be one of the oldest applications 
of electrodeposition on any scale. As a Substitute for the old 
type of Sheffield plate which was composed of sheets of copper 
and silver soldered and sweated together, there has been no 
serious rival. The silver-plating industry has, in fact, been 
built on the ease with which base metals can be rendered free 
from the attack of corrosive substances in foods, and the 
lustre readily obtained upon even thin deposits of the metal. 
Stainless silver alloys have been eagerly sought, but so far 
have not matured as a material from which tableware can 
be commercially produced and appreciatively used. 

Whitening. The production of very thin deposits of silver on 
base metals without the use of an external source of energy, 
and usually by boiling the cleaned work in a suitable silver 
solution, has had a large vogue for very cheap work. This 
practice is, however, passing, there being the much greater 
demand for deposits which will withstand the usual wear and 
tear of service. So thin is the usual simple immersion deposit 
that the term whitening adequately describes it. In the 
solution there must be a silver compound and a solvent for it. 
Many and varied are the compositions which have been 
proposed and used. Two are given as follows— 


(1) 


(2) 


Silver chloride 

7-5 

Potassium bitartrate . 

80 

Potassium cyanide 

37-5 

Common salt 

80 

Sodium carbonate 

37-5 

Silver chloride 

Q.s.* 

Common salt 

15 

Water 

1000 

Ammonia solution *880 

60 



Water 

1000 

♦Q.s. means in sufficient quantity. 

All parts by weight. 


i 
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In either case the soluble salts are dissolved in a small 
quantity of the water and the silver chloride or other similar 
silver compound added. When dissolved, the solution can be 
made up to the required amount, with tho remainder of the 
water. There is, in any case, considerable latitude in these 
compositions. 

In use, the solution is warmed and the cleaned work im¬ 
mersed until nicely white. No great advantage can accrue 
from lengthened treatment. 

By the use of a little water the dry materials may be mixed 
to a paste and applied to the cleaned work by means of a soft 
rag. 

A variation of this method appeared some years ago, when 
in with the materials was mixed a metal powder, which, in 
contact with the metal being treated, served as an anode, and 
this enabled thicker deposits to be made. Some type of polish¬ 
ing powder was also added to the mixture, giving a better 
finish to the deposit. 

Electro-Silvering. Silver deposition by means of current is 
the method now almost invariably used. By it, deposits of 
almost any thickness can be produced, the silver in the 
solution being regenerated by the solution of the silver anodes 
used. 

A number of silver compounds are available. Solutions may 
be made up directly from the metal or from the nitrate. In 
either case the resulting compound in the solution is the 
double cyanide of silver and potassium (or sodium according 
to which cyanide is used). A silver potassium cyanide may be 
purchased containing 30 per cent silver. In this compound 
there will be enough potassium cyanide to hold up the silver 
and serve as free cyanide. The composition of the material 
is of the order of 2AgCN.KCN + 5KCN. The use of the metal 
or the nitrate is, however, an alternative. 

Metal Content of the Solution. This is most easily expressed 
as ounces troy per gallon, or grams per litre. Solutions for 
ordinary work not involving thick deposits may contain 2 oz. 
metal per gallon. For heavy deposits, as much as 4 oz. will be 
deemed desirable. Commercial solutions are in operation con¬ 
taining as much as 6 oz. per gallon. The excessive cost and 
probable accompanying wastage of silver involved with these 
rich solutions can only very seldom be justified. 
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Grain silver (fine—not sterling) can be bought at the present 
time at 24d. per oz. One ounce of the metal is equal to 1-574 
oz. of silver nitrate, a salt which at present is of the order of 
2s. Od. per oz. This gives comparative costs of the metal and 
the corresponding amount of nitrate as 1: 1-5. It is usually 
cheaper to buy the metal and convert it into nitrate. It in¬ 
volves the cost of the acid—not heavy—and the trouble. 
For small quantities it may be regarded as more convenient 
to start with the nitrate. 

Other Constituents. Either sodium or potassium cyanide 
is next required. Chemical formulae show that silver requires 
about its own weight of sodium cyanide to produce the double 
cyanide, and about 1-2 times its weight of potassium cyanide. 
An addition of 50 per cent more cyanide is required for free 
cyanide, 

There has been much discussion about the advisability of the 
addition of either sodium or potassium carbonates. Whether 
intentionally added or not, they invariably form by the decom¬ 
position of the continually added free cyanide, and solutions 
are known to work better for their presence. Indeed, many 
commercial solutions to-day contain as much as 100 gm. 
of potassium carbonate per litre, equivalent to 1 lb. per 
gallon. Carbonates increase the conductance, yield more finely 
crystalline deposits, and increase the throwing power of the 
solution. This being so, they should constitute a definite addi¬ 
tion when making a solution. The following will serve as a 
good solution— 

per gal. per litre 

Silver ..... 2 oz.troy 13*7 gm. 

Sodium cyanide . . . 3 „ avdp. 18-6 „ 

or 

Potassium cyanide . . . 4*3 „ „ 26*7 „ 

Sodium carbonate . . . 6-4 „ „ 40*0 „ 

or 

Potassium carbonate . . .8 0 „ „ 50 0 „ 

Advantages accruing from the use of potassium salts are 
their greater conductance and solubility. Against these may 
be placed the larger quantities required for the same amount of 
chemical work and their higher cost. The rule may be c- ] served 
that the salts shall either be sodium or potassium but not the 
two mixed. This is urged by the practical plater, though it 
is not very obvious why, except that when these cyanides end 
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carbonates are estimated we should know more exactly the 
actual amount of material in the solution. 

Of the quantities of cyanides recommended, two-thirds are 
required to form the double cyanides and the remaining third 
to act as free cyanide. 

In the course of time carbonates accumulate in the solution, 
and it may become necessary to remove them, as suggested 
in the case of the copper cyanide solution. This will be referred 
to later. 

Some idea of the very wide range of composition of silver- 
plating solutions can be gathered from the analyses of Brook* 
of a large number of solutions once in satisfactory service 
in the Sheffield district. 

For silver solutions, potassium cyanide at one time com¬ 
pletely held the field. The war period produced a scarcity of 
this compound, and sodium cyanide provided an excellent sub¬ 
stitute. The use of the sodium compound has since prevailed in 
America, while in this country platers conservatively returned 
to the use of the potassium salt. Dr. E. B. Sanigarf has made 
a close research upon the relative advantages of the two 
classes of compounds. Spoons were plated in the different solu¬ 
tions. They were finished by expert finishers, inspected by 
qualified and unbiassed inspectors, both of whom reported no 
difference between the deposits obtained from the two classes 
of solution. All possible tests, except, perhaps, those 
of actual service, were made, but the evidence seemed 
to indicate clearly that deposits from the two solutions were 
indistinguishable. 

A comparatively recent addition to silver plating baths 
which is finding favour in the United States, is potassium 
nitrate, which is made up to 10 to 15 per cent. Advantages 
claimed for this addition are: (1) increased conductance, (2) 
improved anode efficiency due to the N0 3 ion, (3) brighter 
deposits, and (4) a decrease in the amount of free cyanide 
required to keep the anodes clean. This innovation is due to 
Promised and WoodJ who also point out that, although the 
presence of chlorides in the bath somewhat increases the 
hardness of the deposit, they cannot be recommended on 

* Trans. Far. Soc., xvi, Pt. 3, 1021. 
f J. Electrodepos. Tech. Soc., 1929. iv, 147. 
i Trans. Electrochem. Soc. t 80, 1941, 459. 
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account of the increased tendency to corrosion of iron and 
steel plated in such a solution. 

Anodes. Anodes for the silver bath should be of fine silver, 
again not sterling. Sterling silver contains 7*5 per cent of 
copper. If copper finds its way into the silver solution, it is, 
fortunately, not readily deposited. In fact, the bath would 
need to be unduly rich in copper and poor in silver for any 
appreciable quantity of copper to be deposited.* This, how¬ 
ever, is no reason for allowing its accumulation in the bath. 
It should be regarded as one of those fortunate safeguards 
against accidental or unforeseen circumstances. The anodes 
should be annealed to render them more easily attacked and 
so maintain the silver content of the bath. They must not be 
suspended by any attackable metal which will be exposed to 
the solution. There are many obvious ways of avoiding this. 

On working, they become dull owing to the temporary 
formation of the insoluble silver cyanide, which, however, 
dissolves in the free cyanide. Occasionally a slight black 
deposit occurs on them, due, possibly, to the formation of an 
oxide (Ag 2 0 2 ). Usually, however, there is no great difficulty 
experienced with them. Their life and uniform solution de¬ 
pend to a very large extent upon the mechanical and thermal 
treatment which they have undergone in the process of 
preparation. Nowadays, this preliminary treatment may be 
such as admits of the uniform solution of the silver until the 
sheet is reduced to the thinness of a transparent film with very 
little disintegration, thus considerably reducing scrap. 

Vats. Several materials are available for the construction of 
silver-plating vats. Glass or porcelain makes a clean container 
for the solution on the small scale. Enamelled iron on 
the larger scale is possible but, more usually, lead-lined wood 
tanks, or vessels of mild steel are serviceable. In any case, 
either of these materials should be wood-lined. This is mainly 
to prevent the possibility of short-circuiting. Where large work 
is being handled there is the possibility of current passing from 
the anode to the conducting lining and from it to projections 
from the work. These prominent portions of the cathode thus 
receive more than their share of the current, and obtain a 
thick and rough deposit in addition to some attack of the lead 
lining occurring. Indeed, it has been possible to detect lead 
♦ Trans . Far . Soc ., vi, 1910, Pt. I. 
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in some of these rough deposits. The bare lead lining is safe 
only when all the electrodes are well distanced from it. A 
lining which thus receives some of the current and passes it on 
to the cathode constitutes a secondary or bipolar electrode. 
These have some use in electrodeposition but not under 
the conditions here referred to. Matchboard linings would, 
with advantage, be treated with a weak cyanide solution before 
being inserted in the bath. This is to take out any soluble 
compounds, such as resins, which are not calculated to be 
of any use in the solution. 

Cathode Connections. The design of the cathode bars and 
connections will depend largely upon the nature of the work 
to be handled. Very commonly, however, they are arranged 
upon frames, to which may be imparted a slight reciprocating 
motion, so that the work can be kept slowly moving, this 
making for an improved deposit, in addition to keeping the 
solution gently stirred, and, therefore, more uniform in 
composition. 

For the metallic parts of these cathode connections stain¬ 
less steel will be found to be very serviceable and is largely 
used. 

Quicking. This is a preliminary treatment applied chiefly 
to copper and its alloys prior to insertion in the bath. These 
metals tend to decompose the solution with the simple im¬ 
mersion of the silver upon the surface which is undergoing 
attack. Such films are not adhesive and are likely to lead to 
subsequent stripping. To avoid this, a thin, bright film of 
mercury is applied by simple immersion in a suitable solution. 

The process is called quicking. 

Quicking solution may contain from £ oz. to 1 oz. of mer¬ 
cury per gallon. The metal is dissolved in nitric acid and 
excess of the acid evaporated off. The resulting solution can 
then be poured into a solution made by dissolving sodium 
cyanide in water. A slight precipitate can be neglected. 
Alternatively the following materials will serve— 

Mercuric oxide 1 oz. 6*25 gm. 

Sodium cyanide 3 oz. 19 gm. 

Water . .1 gal. I litre 

The sodium cyanide is dissolved in a small quantity of water 
and the mercuric oxide then readily dissolves in the cyanide 
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solution, after which the bulk of solution is made up with 
water. Prior to immersing the work in the silver solution it 
is momentarily passed through the quieking solution, re¬ 
ceiving a bright film of mercury, which prevents the simple 
immersion deposition of silver and thus promotes adhesion of 
the silver deposit. The process is not used for Britannia metal 
and similar alloys. 

Deposition of Silver on Lead and Tin Alloys. These metals 
are treated in a manner different from that of the copper alloys. 
They are “struck” in a weak silver solution containing a large 
proportion of free cyanide. The following solution is suitable 
for this purpose— 

Silver . 0*6 oz. troy. 4 gm. 

or 

Silver cyanide 0*75 oz. „ 5 „ 

Sodium cyanide . 20 oz. avdp. 125 „ 

Water ... 1 gal. 1 litre 

The work is taken straight from the potash boil and struck in 
this weak silver solution, afterwards being transferred to 
the main silver bath for the deposition of the bulk of the 
silver. 

Steel Work. Steel work is similarly treated, though in 
some cases it is passed first through a silver solution even 
weaker than the one given above, and afterwards through 
the usual strike before the main solution. 

Bright Plating. It has long been known and practised, that 
the small addition of carbon disulphide to the silver solution 
changes the deposit from dull to bright. This discovery is 
dated back to 1843 and provides the first outstanding example 
of the beneficial effect of an addition agent. The quantity so 
added is very small, amounting to only a few grains per gallon. 
The usual procedure is to shake up a few ounces of carbon 
disulphide with a gallon of the solution when a portion passes 
either into solution or intimate 1 *suspension. After allowing 
to settle, the clear liquid is added to the main bath in small 
doses of one fluid oz. for every 10 gallons, at intervals which 
experience may determine to be necessary according to the 
amount of work passing through the bath. A trace of the 
sulphur compound passes into the silver deposit though pos¬ 
sibly far more is lost by evaporation which takes place quicker 
in warm than in cold weather. In such “bright solutions’' 
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a slightly higher current density is commonly used. The 
subsequent deposit requires much less finishing than that from 
the ordinary solution. 

The exact function of CS 2 as a brightener has been examined 
by Egeberg and Promisel* who suggest that CS 2 is not the real 
brightener but that it gives rise to the production of thiourea 
[(SC(NH 2 ) 2 ] which, independently, is found to yield similar 
results. The brightness is explained by the formation of 
submicroscopie crystals of silver sulphide which induce a fine 
crystalline structure fn the silver. 

Doctoring. From time to time it becomes necessary to treat- 
specially small areas of the work which have, for one reason or 
other, been unsatisfactorily plated. For this purpose a small 
piece of silver is covered with a porous material such as sponge 
or a piece of rag. The silver is made the anode and the work 
to be “doctored” the cathode. The anode is dipped in the 
plating solution and applied to the defective part, which has 
been suitably cleaned. The solution in the “doctor” can be 
replenished from time to time, and the defective area thus 
corrected. 

Further, insides of vessels are treated by filling, after suitably 
cleaning, with the solution and hanging in a small silver plate 
or rod. Convenient arrangements can be made for treating a 
number of such articles together, the vessels standing on a 
system of bars connected to the cathode or negative terminal 
of the machine. This method is largely applied. 

Bate of Deposition. There has been much discussion as to 
the relative permissible rates at which silver may be safely 
deposited. Much depends upon the metal content of the 
solution. When this is high the rate of deposition can be 
increased. Usual practice in the large silver-plating shops/ 
however, has followed the comparatively slow rate of about 
3 amperes per sq. ft. This should be possible when the silver 
content is as low as 1 oz. per gallon, while with a stronger 
solution kept in motion, as is commonly practised, a rate of 
6 amperes per sq. ft. may easily be maintained. Higher rates 
have been suggested but not generally adopted. Silver-platers 
should not be hidebound by anything which is of the nature 
of conservatism. They should take the line of experiment with 
the guidance of experience of the past. Such suggestions for 
* Trans. Amer. Electrochem . Soc. t 1938, lxxiv, 211. 
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more rapid deposition have been made by Mason* who recom¬ 
mends at least 8 amperes per sq. ft. and more recently 
by Mesle.f 

A number of factors, however, must be borne in mind. In 
the first case, the weight of silver deposited per ampere-hour 
is far greater than that usual for the common metals owing to 
the high equivalent of silver. Secondly, there is the oft- 
overlooked fact that on the type of work usually silver-plated 
irregularities of shape lead to inequalities in C.D. over the 
surface when the important factor is that of the excessive C.D. 
on prominent and exposed parts. Such variations are often 
far greater than might be expected, and, in Mesle’s paper, 
diagrams, showing the distribution of C.D. as determined by 
local thicknesses of the deposit, supply some answer to the 
demand for any considerable increase in the usual rate of 
depositing silver. 

Weight and Thickness of Silver Deposits. The weight of silver 
deposited from the ordinary solution falls not far short of the 
theoretical value. An ampere-hour represents 4*024 gm. silver. 
One ounce troy is therefore deposited by 31*1 -4- 4-024 = 7.7 
ampere-hours. Allowing for a little inefficiency, this may be 
taken as 8 ampere-hours. Calculations can be safely based on 
this figure. 

The thickness of silver deposits varies considerably. There 
appear to be no definitely accepted standards, so much depend¬ 
ing upon the character of the work and the service it is called 
upon to undergo. On all types of irregular work, the deposits 
vary in thickness. 

It may, however, be taken that there is a definite attempt 
on the part> of many platers to maintain a high quality by 
adequate thicknesses, the general character of which is 
indicated in Table LVII. 

A lower grade of plating might be of the order of 0*00063 in. 
or f mil. obtained by a C.D. of 3 amperes per sq. ft. during 
1$ hours. This represents about \ oz. troy per sq. ft. 

In view of the very varying types of work, there may be 
equally wide differences of opinion as to the desirable weight 
required. For table ware the weight is more usually reckoned 
by the number of articles per oz. troy. It is to be feared that 

* Trans, Far, <Soc.,xvi, Pt. 3, 1921. 
t Proc, 1st, I,E.C„ E,T,S. y March, 1937. 



252 


ELECTRO-PLATING 


TABLE LVII 

Thickness of Silver Deposits 


Grade 

♦ 

| No. 

Dwts./Doz. Spoons j Spoons 

| 1 Sq. Ft. 

Dwts. 1 
I Sq. Ft.l 

Thickness 

Inch 

A1 

Table. . 30 

Dessert 20 

Tea . . 10 

10 

14 

i 

25 | 

24 

| 00075 

A 

Table. . 20 

Dessert .15 

Tea . .8 


I 16 | 
j 16 | 

' 1 

| 0 001 

1 Table. .15 

B Dessert .10 

Tea 5 

| 12 

1 12 

12 

j 0 00075 


there is still much under-deposition, which militates against 
reasonable wear. 

The formulation of exact standards is obviously a difficult 
matter. In the United States, however, it is specified that two 
grades of plating shall give deposits of 0 0008 in. (equal to 
12*8 dwt. per sq. ft.) and 0-0006 in. (equal to 9-6 dwt. per sq.ft.). 
On the backs of the bowls of spoons and similar parts receiving 
the greatest wear, a thickness of 0-0012 in. is required. 

As may be agreed between the two parties, the plater and 
the purchaser, these weights are checked by Appointed inspec¬ 
tors. The silver deposits £re stripped from the articles and the 
loss in weight ascertained. An acid strip is used for copper 
alloys, while for steel and the white metals the silver is stripped 
by making the weighed work the anode in a solution of sodium 
cyanide and weighing up the stripped articles. Alternatively 
for copper alloys, the silver is stripped in weak nitric acid, and 
from the strip solution the silver is estimated by chemical 
analysis. To check the thickness at the thickest parts, a further 
thick copper deposit is put on. The spoon, for example, is then 
(ut through, the section being polished to remove, scratches 
and the thickness of the silver measured by means of a suitable 
scale with the aid of a microscope. 

Automatic Plating. One large application of silver plating 
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is that of musical instruments. These are of many forms and 
sizes with widely varying areas. Nevertheless Savage and 
Pfefferle* have given an account of ^he accomplishment of 
automatic operation which includes, in addition to all the 
rinses, cleaning, coppering, sometimes nickelling and silver 
striking prior to the actual silver plating. 

Throwing Power. Special methods for investigating throwing 
power have been adopted by different observers and while 
these may give interesting data in their special application it 



Fig. 79. Throwing Power Test. 

is, we think, preferable to use standardized methods, thus 
making results comparable in every case. One such method 
is adopted by Nicolt in the case of silver plating solutions. 
The cathode consists of a brass tube cut into four equal sections 
as shown in Fig. 79. A disc having an area equal to that of 
one section is placed immediately in front of the section 
nearest to the anode. These sections were enclosed in a gutta 
jiercha sleeve through which their connecting wires passed, 
these being arranged so that by convenient switches the 
individual currents in the sections and disc can be measured 
in the milliammeter (MA.) These currents were used rs 
measures of the throwing power in place of the much more 
tedious method of weighing the individual deposits, a method 

* Amer. Electroplater,s Soc., 1941. 

| J. Electrodepoa. Tech , Soc., 1940, xvi, 15. 
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allowable for the particular purpose of comparing throwing 
power with varying amounts of potassium carbonate. The 
following results were obtained by this method— 


TABLE LVI1I 

Throwing Power of Silver Solution 


Potassium Carbonate 

No. 1 
Disc 

Soctions 

Oz./Gal. 

Gm.l 

2 

3 

4 

5 

2*4 

15 

720 

250 

3 5 

0*8 

0-7 

4-8 

30 

710 

235 

200 

10 

0-8 

7*2 

45 

700 

250 

200 

1-0 

0-8 

9-0 

60 

650 

280 

65-0 

2-4 

1*4 

120 

75 

640 

290 

70-0 

3-4 

1-6 

14-4 

90 

640 

290 

750 

4-5 

1-8 

16-8 

105 

640 

280 

| 750 

5-5 

20 


These figures (milliamps.) serve to show a striking improve¬ 
ment in throwing power at 9-6 oz. potassium carbonate per 
gal. and a quicker and more striking comparison might even 
be obtained by dividing the figures for the disc successively 
by those for the sections, and these figures for section 4 (to 
avoid extreme sections) are in order: 900, 710, 700,.270, 190, 
142 and 116 respectively. 

Electrolytic Polishing. The production of a film of insoluble 
silver cyanide on silver anodes during the plating operation 
is a common phenomenon and is due to the temporary lack 
of free cyanide which normally re-forms at the cathode. The 
film usually disappears on standing. It is not so readily 
formed in the presence of a large proportion of free cyanide, 
nor usually with stirring nor with elevated temperature. It 
therefore first occurs in whatever depressions, however small, 
there are on the anode surface. This temporarily shields these 
depressions from solution and diverts the bulk of the current 
on to the more elevated parts or points of roughness. This is 
the process by means of which Gilbertson and Fortner* 
explain the considerable brightening effect on silver anodes 
with the presence of only a limited amount of free cyanide. 
The process can be carried out to produce a very marked 
amount of lustre on silver surfaces. 

* Trans. Klectrochem. Soc 81, 1942, 199. 
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Applications of Silver Deposition. The deposition of silver, 
however, goes far beyond the requirements of the “electro¬ 
plating ” industry. Silver has properties which extends its 
usefulness in directions other than that of domestic ware. 
Chief among these are its high degree of reflection, its per¬ 
manence in air at ordinary and elevated temperatures, and 
also its high conductance. 

A number of these applications have been pointed out by 
Laister.* Chemically, noble metals are those which are most 
permanent under atmospheric and other similar corrosive 
conditions. Of these metals silver is by far the cheapest. This 
point may be stressed by recalling the extremely thin deposits 
and therefore amounts of the metal required to impart the 
necessary amount of durability, bringing it somewhere in the 
same category as cadmium and chromium plating. 

Tts high reflective power fits it for reflector purposes which 
find a number of uses in warfare. More recently still, it has 
been shown that a very thin deposit of indium on a silver 
deposit, followed by heat treatment, effects the diffusion of 
the indium into the silver, thereby considerably increasing 
its tarnish-resisting property. 

Its conductance also brings silver into new spheres of use¬ 
fulness. Combined with its non-oxidizability at high tempera¬ 
ture, it is of service as a coating for many switch contacts 
where arcing is likely to occur. Again, radio equipment 
utilizing alternating current opens up possibilities of silver as 
a conductor. It is well known that alternating current is not 
conducted through the entire section of a conductor uni- 
formilv, but that by far the larger proportion concentrates 
at the surface. This is known as “skin-effect.” This is not 
conspicuous at the frequencies around 50 which are in common 
use industrially, but with the high frequency work of radio 
communication it can be reckoned that the current only 
penetrates to a depth of three ten-thousandths of an inch in 
a silver conductor. With a deposit of 0*0005 in. the electrical 
properties will be as good as those of solid silver, and hence it 
is that apparatus of this type is finding its way into the plating 
shop. It remains for the plater to know exactly the require¬ 
ments of the particular new application and to operate his 
process to meet them. 

* J . Electrodepoa . Tech. Soc ., 1943, 18, 09-74. 
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Troubles in the Silver Bath. It cannot be maintained that 
there are serious difficulties attaching to the working of the 
silver solution. Lack of free cyanide, with consequent in¬ 
efficient solution of the anodes, is the most likely. Insoluble 
single cyanide of silver then collects oh the anodes and offers 
undue resistance, and hinders the maintenance of the correct 
current density. This is an error which can easily be remedied. 
Silver solutions are commonly kept in motion, and the agita¬ 
tion gained by the use of air introduced below the anodes is 
advantageous in keeping the anodes clean. At the same time, 
there should not be sufficient free cyanide to maintain the 
anodes bright. They should work dull, and clear when the 
current is discontinued. Over prolonged periods of rest they 
may be removed from the bath. A satisfactory suspension 
of the anodes in the bath is effected with nickel wire. Anodes 
are occasionally found to acquire a thin black deposit, the 
origin of which is not generally agreed upon. This can, how¬ 
ever, be removed by occasional scouring. Blistering of the 
deposit is due to lack of cleanliness. Silver solutions, like all 
others, should be kept free from suspended matter. This 
may be removed by continued filtration and circulation, 
solution being drawn from the bottom of the tank and passed 
through a canvas filtering bag to the surface. This motion 
also prevents stratification of the solution, which occurs with 
stationary solutions, and which leads to thicker deposits 
at the lower ends of work. 

Such suspended matter is always likely to be responsible 
for rough deposits. 

Decarbonating. Though advantages accrue through the 
presence of carbonates in the silver bath, there is a limit to 
the amount which may*be regarded as desirable. Sooner or 
later the carbonates will have accumulated to such an extent 
that their removal, either entirely or in part, must be effected. 
This is commonly done by the addition of barium cyanide 
which reacts as follows— 

K 2 C0 3 f Ba(CN) f - 2KCN f BaC0 3 

The barium carbonate is precipitated and may be removed 
after allowing to settle. A simple knowledge of these chemical 
formulae wifi indicate that for every 138 grm. of potassium 
carbonate to be removed 189 parts by weight, of barium 
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cyanide must be added, and this will produce 130 parts of 
potassium cyanide in the solution. Corresponding quantities 
can be worked out for sodium cyanide. The removal of a large 
amount of carbonate at one operation may therefore result in 
the production of an undesirably large amount of potassium 
cyanide. The difficulty can be got over by the frequent use of 
small doses of barium cyanide, this compound replacing some 
proportion of the usual free cyanide addition, or the addition 
of other barium compounds such as the chloride can be njade, 
so that potassium chloride remains in the solution. This iB a 
good conductor, and thus serves some useful purpose in the 
solution. Alternatively, the excess carbonates can be removed, 
without the addition of further chemicals, by concentrating 
and cooling so that the bulk of the carbonates crystallize out. 

Recovery of Silver. Usually the plater is not required 
actually to recover the silver from his residues. He can, 
however, do something towards utilizing them with economy. 
Quantities of old solutions can be evaporated by a steam coil 
and excess of carbonates separated off. The liquid can then 
be treated with muriatic acid, and warmed to convert the 
whole of the silver to chloride, which can be filtered, washed, 
and added to other silver-plating solutions, thus increasing, 
as may be required, their metal content. The addition of acid 
to the solution without the separation of the carbonates is 
inconvenient, owing to the usually large amount of these 
compounds likely to be present, and the considerable evolution 
of carbonic acid gas and frothing. Methods of recovering the 
silver by fusion are considered outside the electro-plater's 
province. 

In large plants the addition of zinc turnings to the drag out 
tank has proved very successful in the complete precipitation 
of the silver. 

Stripping Silver Deposits. Acid and electrolytic strips are 
available. 

• For a base metal of copper and its alloys the acid strip is 
largely used. This may consist of— 

Sulphuric acid (Sp. Gr. 1*84) 19 volumes 

Nitric acid (Sp. Gr. 1*42) 1 volume 

In making the mixture the sulphuric acid is added to the 
nitric acid and the mixture heated to about 80° C. The work 
is immersed after drying. Silver is attacked by the acids, 
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the copper base being protected by the sulphuric acid. The 
completion of the stripping is seen when the whole of the 
surface has assumed a dark stain, which can subsequently 
be removed by the ordinary acid dip. 

Steel and white metal goods are better treated electro- 
lytically. A solution of 4 to 6 oz. of sodium cyanide per gallon 
(25 to 40 gm. per litre) is made and, preferably after warming, 
though the solution may be used Cold, the work is made the 
ano^e, using some old silver or even iron as cathode. The 
silver is anodically dissolved, and is thus removed without 
attack on the basis metal. 

Analysis of the Solution 

Constituents of the silver solution requiring frequent 
analysis and control are the silver, free cyanide, and the 
carbonates. 

Free Cyanide. This method is exactly the same as that for 
the copper cyanide solution. Take 20 c.c. of the silver solution 
and dilute to 150 c.c. Add a few drops of potassium iodide 
solution and slightly warm. Titrate with N/10 AgN0 3 to the 
first permanent turbidity. 

Now— 

1 c.c. N/10 AgN0 3 ,= 013 gm. KCN 
■ -0098 gm. NaCN 

Hence— 

1000 

c.c. N/10 AgNOj X 013 ' ', () --- gm. KCN/litro 

and 

1000 

c.c. N.10 AgN0 3 x *0098 y = gm. NaCN/litro 

Silver. A very common method is based on the separation 
of the silver as sulphide from other metals contained in the 
solution by means of Hj3, subsequently redissolving the silver 
sulphide in nitric acid and titrating with a standard potassium 
or ammonium thiocyanate solution. 

Ammonium thiocyanate precipitates silver from its acid 
solutions thus— 

AgNOg -f- NH 4 CNS = AgONS + NH 4 NO t 
170 76 
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A normal solution of NH 4 CNS therefore contains 76 gm. of 
the salt per litre. The solution is not, however, directly made 
in this manner. An approximate solution is prepared and then 
standardized with pure silver or silver nitrate as it is not pos¬ 
sible to depend upon the purity of the purchased ammonium 
salt. 

Prepare a solution of NHjCNS to contain from 8 to 9 gm. 
of the salt per litre. This should be of a little more than deci- 
normal strength. Charge a burette with this solution. Take 
10 c.c. N/10 AgNO a in a conical flask. Dilute with distilled 
water and add a few drops of a solution of iron alum. (Iron 
alum is ferric ammonium sulphate. The ferric iron it contains 
reacts with excess of NH 4 CNS after the silver has been pre¬ 
cipitated, giving the characteristic red colour which provides 
the indicator.) Add a little nitric acid and warm the solution, 
subsequently titrating it with the thiocyanate solution from 
the burette until the first permanent red colour is obtained. 

Assume that, as an average of a number of titrations— 

10 c.c. N/10 AgN0 3 require 9-1 c.c. NH 4 CNS. 

The thiocyanate solution is stronger than the deci-normal 
silver nitrate. It can be reduced to exactly N/10 strength by 
the addition of water in the proportion of 0*9 c.c. to each 9-1 
c.c. of the solution. Dilute a quantity of the solution in this 
manner and shake, after which the N/10 NH 4 CNS produced 
will have a silver value of 0 0108 gm. silver per c.c. 

The estimation of silver now proceeds as follows. Take 
10 c.c. of the silver solution in a conical flask, dilute, warm and 
pass excess H 2 S. Filter off ppt. of Ag 2 S and wash well with hot, 
distilled water. (Copper, the most likely metal contamination 
in the solution is not pptd. and is thus got rid of.) Transfer 
tho paper with the ppt. back to the flask and dissolve the black 
ppt. of Ag 2 S in warm dilute HN0 3 forming AgNO s . Using a 
few drops of iron alum as indicator titrate with the N/10 
NH 4 CNS to the first indication of permanent red colour. 
Assume this reading to be 12-5 c.c. 

Then, 1 c.c. N/10 NH 4 CNS == 0-0108 gm. Ag. 
and the silver content of the solution 

12-5 X 0 0108 X 1000 

“ To 

= 13-5 gm. per litre 
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Estimation of Carbonates. The method is as follows— • 

Carbonates are pptd. by the addition of BaCl 2 . 

KjCOs + BaCl 2 = BaC0 3 + 2KC1 
Take 50 c.c. of solution and add excess of BaCl 2 , that is, until 
there is no further sign of precipitation. Filter and wash the 
ppt. and then transfer back to the flask with the paper and 
dissolve the BaC0 3 in an excess of semi-normal HN0 3 . Titrate 
back the excess of acid with semi-normal sodium carbonate and 
thus obtain the exact amount of acid required to dissolve the 
carbonate. 

Then 

2HNO s s BaCO a == K 2 C0 3 - Na^COg 
2 x 63 138 106 

Assume 

N/2 HN0 3 used - 25 c.c. 

N/2 NagCOg used = 5 c.c. 

Then c.c. N/2 HN0 3 required to dissolve the BaCO, 

= 25 — 5 = 20 c.c. 


Now 1 c.c. N/2 HN0 3 contains 0-0315 gm. HNG 3 
= 0*0345 gm. KjCOg and 
=5 0*0265 gm. Na^CO^ 

Hence 


K^COj content 


or NaXOg content = 


20 x 0 0345 x 1000 
50 

= 13*8 gm. per litre. 

20 X 0*0265 X 1000 
50 


--- t()*6 gm. per litre 



CHAPTER XIV 

DEPOSITION OF GOLD 

Gold alloys—Methods of deposition—Simple immersion—The single 
coll process—Electro-gilding—Working the solution—Variations of 
colours of deposits—Carat plating—Conserving and recovering gold 
—Mercurial gdding—Applications of gold deposition 

The deposition of gold attracted early attention, primarily 
from the known resistance of this metal to all types of cor¬ 
rosion, and also from its exceedingly pleasing appearance. 
While very small amounts of gold find application in the 
several cheap alloys used in many ordinary varieties of jewel¬ 
lery, the still smaller amount which by the several processes 
of deposition can be applied to do all that is necessary is sur¬ 
prising. If the nitric acid test is anything of a standard then 
it would appear that films of as little as one-millionth of an 
inch render good service. 

Gold Alloys. It may be worth recording here that gold as 
the fine metal, is too soft for everyday use. Hence it is fre¬ 
quently alloyed with other metals to impart hardness and im¬ 
prove its wearing qualities. The proportion of gold in the alloy 
is referred to in twenty-fourths or, as they are commonly 
called, carats. The standard of the once familiar gold coinage 
was 22 carat, meaning that 22/24 of the metal was fine gold. 
These values are marked on the goods by the Government 
Assay Office after test, and known as hall marks , qualities as 
low as 9 carat being so treated in this country as against 10 
carat in the United States of America. Many so-called gold 
products are only surfaced with these alloys, the inner base 
metal being of the copper-zinc type, with colours approximat¬ 
ing to that of the gold alloy so as to become less prominent 
when the gold covering may be worn through. 

Methods of Deposition. Four main methods of producing 
gold films are in operation— 

Simple Immersion, in which exchange with the base metal 
provides the reason for precipitation. Such deposits are notor¬ 
iously thin, but the high specific gravity of the deposited gold 
may be responsible for the unusually goon properties of 
these films. 
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Single Cell Process, in which the current used is gen¬ 
erated by a zinc anode suspended in a common salt solu¬ 
tion contained in a porous pot, the work constituting the 
cathode when hung in a suitable gold solution containing 
also the porous cell. The plating plant in this case is self-con¬ 
tained. Slightly thicker deposits are possible than with simple 
immersion. 

Electro-gilding in which, following usual practice, there 
is an external source of electrical power. 

Mercurial Gilding, the gold being applied as a pasty 
amalgam. Each of these processes will be referred to briefly. 

Simple Immersion. There is still a large amount of work 
which, by reason of low price, is treated by simple immersion. 
During the history of the process many different solutions 
have been employed with constituents to which it might be 
difficult to assign a definite function. Simplicity of composition 
would seem to be a recommendation for a solution of this type. 

The solution contains little gold, which is replenished from 
time to time by further additions. A general composition may 
be as follows— 

Sodium cyanide .40 gm. 

Sodium carbonate . 60 „ 

Water ..... 1 litre 

To this solution gold is added to choice, possibly to the extent 
of 6 dwt. per gallon or 2 gm. per litre. The fine gold is dis¬ 
solved in aqua regia (a mixture of strong hydrochloric and 
nitric acids usually in the proportion of 3 : 1 by volume) and 
excess of acid evaporated off. The gold chloride is dissolved 
in water, precipitated by ammonia, producing a brown pre¬ 
cipitate of gold fulminate. This is filtered, but not allowed to 
become dry, as it is explosive in the dry condition. The ful¬ 
minate is washed into the above solution, when, with warming, 
it readily dissolves. 

In operation the solution is kept hot, say up to 80° C., and 
the work, cleaned in the usual manner, immersed in it. 
While almost every metal will turn out gold from this solution, 
the most satisfactory deposits are obtained on copper and its 
alloys, and other metals are, therefore, flashed with copper or 
brass prior to gilding. 

The Single Cell Process. The gold solution* for this method 
is usually weaker than for simple immersion. It contains 
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several other constituents which probably play some part in 
the production of denser deposits. Potassium or sodium 
ferrocyanides are notable constituents. A solution may be 
made as follows— 

Sodium ferrooyanide . . oz. . . 20 gm. 

Sodium phosphate . . 1} „ 10 „ 

Sodium sulphite . . . ^ „ . . *5 „ 

Water . . .1 gal. . 1 litre 

This solution is made up and gold fulminate added to give a 
content of 3 to 4 dwt. of gold per gallon. The solution is 
boiled for a short time, and any deposit may be filtered off 
and neglected. 

The cell arrangement is simple. A zinc sheet or rod is sus¬ 
pended in a saturated salt solution, contained in a clean porous 
pot, standing in the gold solution. The cleaned work is sus¬ 
pended in the gold solution, its suspension wire being con¬ 
nected to the zinc. Then zinc passes anodically into the salt 
solution while gold is deposited on to the work as cathode. 
The gold solution is replenished by occasional additions of 
gold fulminate. 

Electro-Gilding. This is the method most commonly em¬ 
ployed for the deposition of appreciable amounts of the metal, 
any desired thickness being applied at will. Solutions for this 
purpose contain very varying amounts of the metal, from a few 
dwt. per gallon upwards. The figure is often largely deter¬ 
mined by the high cost of gold, and, consequently, the initial 
outlay with possible losses. 

All electro-gilding solutions are of the cyanide type though 
the final composition may be achieved through different 
stages. 

The methods of preparation are few and relatively simple. 
Starting with the metal in the “fine” state, this is dissolved 
in a minimum amount of aqua regia—a mixture of nitric and 
hydroohloric acids, both strong. It suffices to start with hydro¬ 
chloric acid and make occasional additions of nitric acid. 
Strongly acid fumes are given off, the operation being carried 
out with good ventilation. When the metal is dissolved, excess 
of acid is evaporated off, very great care being taken not to 
overheat the gold chloride residue, which is readily decom¬ 
posed by slight elevation of temperature. The gold chloride 
is redissolved in a small proportion of water, and re-evaporated 
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to get rid of last traces of acid. Two methods of procedure may 
now be followed. 

(а) The gold is precipitated with ammonia, a yellowish- 
brown product, known as fulminate of gold, being obtained. 
This is filtered and washed with water, care being taken that 
it does not become dry, as it is then explosive. A solution of 
potassium or sodium cyanide of suitable strength is prepared 
and the fulminate washed and dissolved in it. This provides 
the solution. 

(б) Alternatively, the gold chloride can be directly added 
to the cyanide solution, when the usual yellow colour of the 
chloride disappears by the transformation of the salt into 
the double cyanide (AuCN.KCN). By this method a small 
proportion of alkali chloride remains in the solution. The 
amount is too small to be regarded as detrimental, especially 
in view of the impurities usually introduced by the frequent 
additions of free cyanide. 

Using either of these methods the following quantities may 
be taken as some guide— 

Gold . . . £ oz. troy . 3*4 gin. 

Total KCN . 3 oz. av. 19*0 „ 

Water . . .1 gallon 1 litre 

The solution, however prepared, is best heated before operat¬ 
ing it. 

Additions of sodium phosphate and a reducing agent are 
common, the former substance acting not primarily as a con¬ 
ducting salt but giving rise to complex compounds which 
reduce the metal ion content and thereby increase the density 
of the deposit. 

Working the Solution. This is a solution which, from its 
widely varying composition, is not susceptible of exactly 
stated conditions of operation. Two main results have usually 
to be achieved: (1) the desired thickness, apart from current 
efficiency, as this is usually very low, and (2) colour. 

The colour of gold deposits varies with many conditions. 
With cold solutions and low C.D. the colour is pale and unat¬ 
tractive. With increased C.D. and at a higher temperature (up 
to 60° C. and over) the colour assumes a more pleasing shade, 
generally regarded as a warmer tone. Excessive current in¬ 
duces burning, with a “foxy” and powdery deposit. This 




is essentially a case in which the personal judgment of the 
operator is of the greatest value. In any case, both the P.D. 
and C.D. are lowland usually best left not specified. 

Internals are gilt by filling the vessel with the solution and 
applying an internal anode, while awkward corners and badly 
plated spots are easily “doctored.** A gold anode is to be 
recommended. It dissolves quantitatively, and should not be 
allowed to remain in the solution when not in use. Generally 
the anode efficiency exceeds cathode efficiency, the solution 
becoming enriched with metal. Many gilders, therefore, prefer 
to work with a small insoluble anode, which may be of plati¬ 
num, and make occasional additions of gold salts. 

Variations of Colour of Deposits. Additions to the solution 
may effect large changes in the colour of the deposit. Co¬ 
deposited copper produces a redder shade—“red or rose 
gold*’—while the addition of small proportions of silver solu¬ 
tion effects a greenish tint in the deposit known as “green 
gold.” Again, the addition of nickel cyanide or zinc cyanide 
very much reduces the colour of the gold to what is called 
“white gold.” Dead gilding is effected by depositing the gold 
on a surface obtained either by severe pickling, sand-blasting, 
or copper deposition from the sulphate bath. The judicious 
application of dead and bright deposits may be used to much 
decorative advantage. 

Where thicker deposits are required, recourse to quicking is 
advantageous with occasional scratch-brushing, after which 
operation the suspension wire should be applied in another 
position, as wire marks are liable to be very prominent. 

Carat Plating. In the production of coloured deposits, success 
in the maintenance of an exact shade is a matter of the most 
careful control. These difficulties led to the investigation of 
the deposition of gold alloys, or as it is termed, “plating to 
carat.*** 

Thus a satisfactory and consistent 18 carat green gold may 
be obtained from the following solution— 


Au as NaAu (CN) a . 

Ag as NaAg (CN) a . 

2-00 gm. per litre 

0*75 

NaCN, free 

400 

Na t CO a anhydrous 

5-00 

Na,P0 4 .... 

. 20-00 

K t SO, . 

5-00 
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The solution is worked warm and at a low current density. 
The metal content is replenished from the anodes while redder 
deposits are obtained by replacing the silver, with copper. 

Conserving and Recovering Gold. The high cost of the metal 
necessitates every care to prevent loss. A small volume 
of first rinsing water should, therefore, be religiously used and 
returned to the bath as make-up water. Stripping of gold 
deposits is effected with ease by making the work anode in 
a weak cyanide solution, say 5 per cent sodium cyanide, with 
a small iron cathode. The gold rapidly disappears from the 
anode, and the solution can be reserved for the recovery of 
its gold contents. This, with old solution and a certain amount 
of sweep, will always be taken over by an assayer, who has no 
difficulty in extracting the metal content. In order to reduce 
the bulk of solution to be handled, the cyanides may be decom¬ 
posed with acid, HCN being expelled. The solution then 
receives an addition of ferrous sulphate, which, in the course 
of a few hours (the mixture may be allowed to stand over- 
night), deposits the gold as a brown powder, which is recovered 
by sedimentation, filtering and cupelling with lead or other 
type of furnace treatment. 

Mercurial Gilding. In this process a pasty amalgam is made 
by adding mercury to heated gold and squeezing out excess 
of mercury through chamois leather. 

Its application to the article to be gilded is made by clean¬ 
ing the article in the usual manner, and rubbing it over with 
a wire brush which has first been dipped in a solution of mer¬ 
curic nitrate. This serves a similar purpose to quicking, 
leaving a film of mercury on the surface of the metal. The 
gold is applied by passing the wire brush over the amalgam 
and then over the work. This applies an even layer of amal¬ 
gam. To increase the final thickness of the gold deposit, this 
operation is repeated a number of times, after which the work 
is rinsed and dried. The mercury is now expelled by heating 
in a muffle or over a dull charcoal fire. Mercury volatilizes at 
390° C., leaving the gold as a pale yellow deposit, which is 
rendered more uniform by scratch-brushing. The colour of 
the deposit is enhanced by passing the work through a mixture 
of alum, nitre, and salt in the form of a paste. The work 
is now dried over the dull fire, and heating continued until 
the residue of salts just fuses. It is then plunged into water 
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to remove the fused salts, after which it is rinsed. This 
colouring operation can be repeated at will. 

Applications ot Gold-Deposition. In addition to the usual 
processes of electro-gilding, a number of special processes have 
been carried out in which films of deposited gold of extreme 
thinness have been made and utilized. In the manufacture of 
the fine wires from which ornamental metallic braids are 
produced, brass wire is, in some cases, drawn so that 1 oz. of 
metal produces 1,300 yds. of wire. Before the last stages of 
drawing are effected, the wire is gilt so that only 2 penny¬ 
weights of gold cover 1 lb. of the wire. A simple calculation 
will show that the thickness of the gold film is of the order of 
li millionths of an inch, or that one ounce of gold serves to 
satisfactorily gild 120 miles of wire. 

The production of gold leaf by electrolysis has been 
attempted. In the process, silver was first rolled down to a 
^thin foil which was then gilt on one side only. The silver was 
subsequently dissolved away by nitric acid leaving the thin 
gold film floating in the liquid, the deposit being subsequently 
dried, cut to the usual 3,} in. square leaves and assembled in 
the form of the usual books. These leaves were of the order of 
one 1/250,000th of an inch thick so that 1 oz. of gold covered 
an area of 200 sq. ft. 

Still more recently, films of gold have been produced by 
electrodeposition which were of the order of four ten-millionths 
of an inch in thickness, so thin—and yet impermeable to gases 
—that print could readily be read through a succession of five 
of these deposits. These were produced by Muller by the 
deposition of the required film of gold on a silver foil strip. 
The deposit was then covered by a further deposit of silver 
and in this sandwich form could then be cut and mounted 
into the position finally required. The silver was then dissolved 
by some suitable process leaving <the extremely thin gold deposit 
suitably mounted. 

Again, a considerable quantity of the precious metal is 
obtained or, in the final stage of extraction refined, by elec¬ 
trolysis, yielding a product of the highest purity. 

These are examples which possibly lie outside the recognized 
range of ordinary gold plating, but they well illustrate the 
manipulative skill called for in some of these electrodeposition 
processes, and quantities handled in others. 
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Introduction— Original solution—Modem solutions—Buffering re¬ 
agents—Nickel electrotyping solutior $—Current densities and thick¬ 
ness of deposits—Rapid nickel-plating—Anodes—Purity of nickel 
anodes—Maintenance of solution-* Removal of iron—Removal of 
chromium—Preparation of work for nickel-plating—Brass, copper, 
etc.—Iron and steel—Castings—Anodic acid etch—Zinc, tin, and 
lead alloys—Treatment of die castings—Black nickelling—Barrel 
plating—Common defects in nickel-plating—Porosity—Pitting— 
Peeling—Nickel undercoat for chromium—Heavy nickel deposi¬ 
tion—Protective value of nickel deposits—Production of nickel 
sheets—Composite coatings 

Introduction. For many years the deposition of gold and 
silver monopolized the field of electro deposition, and it was 
not until the early ’eighties that the deposition of nickel, 
especially on iron and steel for protective purposes, came to be 
suggested and practised. About that date, the advantages of 
this deposit were urged by Adams, and since that time the 
method has been considerably practised, and during recent 
years has obtained a considerably extended vogue, mainly on 
account of a large amount of scientific research work carried 
out, this resulting in a fuller appreciation of the possibilities 
of what are becoming somewhat standardized solutions of 
well-known properties, replacing the original solution which, 
for many years, was used more or less empirically, with results 
which fell far short of perfection. 

Original Solution. The original solution was composed of— 

Nickel ammonium sulphate . 12 oz. 75 gm. 

Water .... 1 gal. . 1 litre 

The solution was brought to such acidity as was detected by 
means of litmus without the reaction being too marked. 
Excess acidity was counteracted by the addition of ammonia, 
and the solution strength kept up by reference to hydrometer 
readings, which in those daysConstituted a stock method of 
solution testing. Seldom, if ever, is this solution used to-day. 
Not that the solution is valueless, for it rendered excellent 

268 



DEPOSITION OP NICKEL 


269 


service over many years, but it fails to meet the requirements 
of modern industry. Its rate of deposition was low, usually 
not exceeding 4 amperes per sq. ft., and a long time, therefore, 
was required to effect substantial deposits. These were hard 
and not so pliable as might be desired. Nevertheless, the 
formula was slavishly retained for many years, until research 
broke through conservatism, and it was shown that with 
single nickel sulphate as tl>e main constituent of the solution, 
deposits could be made more rapidly, were softer, and there¬ 
fore more amenable to subsequent treatment, were mure 
ductile, and therefore adapted themselves to slight bending 
in service. Later, a number of additions have been made with 
marked advantages. 

The extensive use of both nickel sulphate (single nickel salts) 
and nickel ammonium sulphate (double nickel salts) has 
necessitated some specification* of their composition in order 
..to guarantee freedom from undesirable impurities. 

Modem Solutions. While the process of simplification does 
not show the way for the reduction of nickel solutions to a 
single one, or two, yet much has been done in this direction 
within the past few years. Two types of solutions for general 
use, therefore, are given as follows— 

Light Solution 


<sj?) 

“N 

si w 


Double nickel salts 

4 oz. 


25 gin. 

Single nickel salts . 

8 oz. 


50 „ 

Water , 

1 gal. 


1 litre 

Single nickel salts . 

. 1J lb. 


150 gm. 

Magnesium sulphate 

31 oz. 


22 „ 

Boric acid 

. H 


9 „ 

Sodium chloride 

• 1 „ 


6 „ 

Water . 

1 gal. 


1 litre 

ry Solution for Rapid Production 


Single nickel salts . 

. 31b. 

, 

300 gin. 

Nickel chloride 

3 oz. 

. 

19 

Boric acid 

2 oz. 


12-5 „ 

Water . 

. 1 gal. 


1 litre 


The first two of these solutions are recommended for general 
use where special qualities of the deposit are not aimed at. 
The solutions are simple in manipulation, are commonly used 
cold, and require about 5 to 6 amperes per sq. ft . The deposits 
* B.S.I. Specification 564, 1931. 
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are more workable than that obtained by the use of double 
salts alone. The third of these solutions is now largely used, 
with some variations of proportions of constituents according 
to the experience of workers. Each constituent serves a 
particular function. 

Chlorides are regarded as being of importance in assisting 
the solution of the anode. While common salt was the first 
addition, nickel chloride is now more commonly used. Nickel 
anodes available to-day are very much superior to those of 
former practice in their solubility under the influence of the 
current. 

Acidity of Nickel Solutions. This factor, once only roughly 
defined and tested, though regarded as of some import¬ 
ance, is now considered as one of considerable importance. 
The subject has already been dealt with in some detail in 
Chapter } 7 II. Here it remains only to be said that experience 
has shown that a pH of 5*6 to 6-2 generally meets the case in 
nickel-plating, this range, with its fairly easy and quick com¬ 
putation, being much more accurate than that of applying 
methyl orange and litmus papers. It is to be noted, however, 
that an increase of temperature increases the acidity, thereby 
lowering the pH value. This reduction at a temperature of 
40° to 50° C., may be as much as 0*35 degree on the pH scale, 
and care should be taken to ensure comparative tests when 
working with a warm solution. The changes of acidity in the 
nickel solution are due to irregular working of the electrodes. 

Unfortunately there is no simple rule for adding acid and 
alkali to correct pH. A given quantity of acid will give a 
different decrease in pH in different solutions in which, 
mainly on account of the variation of the S0 4 — ions, there 
will be different degrees of dissociation of the added acid. 
Corrections can, however, be made in the following manner. 
For decreasing pH a standard acid may be made by diluting 
concentrated sulphuric acid^to 100 times its volume. Take 
lOc.c. of the plating solution, add the required indicator, 
brom cresol purple it may be, and add the standard acid until 
the solution acquires the tint corresponding to the required 
pH. A simple calculation will then show that for each C.c. 
of this standard acid added to 10 c.c. of the plating solution, 
16 fl. oz. of the concentrated acid should be added to each 100 
gallons of the bath. 
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Similarly for increasing pH, a standard ammonia solution is 
made by diluting the *880 solution to 100 times its volume. 
This is now used to correct the pH of a 10 c.c. sample of the 
solution and for each c.c. of standard ammonia used, add 
16 fl. oz. (suitably diluted) of the *880 solution to each 100 
gallons of the bath. 

As it is not always possible to control the working of these 
exactly, it is desirable to have some other method of, as it were, 
steadying the pH of the solution. This is done by the use of 
buffering reagents. 

Buffering Reagents. Boric acid figures so largely in nickel- 
plating solutions that a word or two must be said with regard 
to its purpose. As has already been pointed out (Chapter II), 
this acid dissociates only very feebly, and thus cannot be 
regarded as contributing to the conductance of the solution. 
By reason of this feeble dissociation it serves another useful 
K purpose, viz., that of a buffering agent. By this term is meant 
a substance which opposes changes in pH value. In the 
presence of boric acid the addition of alkali to the nickel bath 
effects far less change in the pH value than in its absence. 
The need for constancy of the pH value of the nickel solution 
has already been emphasized. With variations in the current 
efficiency of the cathode, alkali may be produced which 
ordinarily would be dissociated with the reduction of acidity. 
Boric acid absorbs this alkali and thus maintains a more 
uniform pH value. Substances of this type are said to buffer 
the solutions, and serve a particularly useful purpose in all 
plating solutions where low acidity only is permissible and 
must be maintained. The salt of a weak acid similarly takes 
up acid formed at the anode. 

Nickel Electrotyping Solutions. While dealing with nickel 
solutions for various purposes, it may be well to make 
reference to those in use for the purpose of electrotyping. 
Here the special requirement is that of the deposition of 
nickel over a graphited surface. This is not possible with a 
solution containing nickel sulphate only. The addition of an 
ammonium salt at once produces satisfactory deposits, and the 
problem remains to determine the best materials, quantities, 
and conditions. 

This matter has been explored by the U.S. Bureau of 
Standards, recommendations being made for solutions for 
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depositing upon wax and also upon lead. For wax the 
composition suggested is as follows— 

Nickel sulphate 12 oz. 75 gm. 

Ammonium chloride . . 1 „ 6-25 „ 

Water .... 1 gal. 1 litre 

After the wax is covered with nickel, and also in the case of 
lead moulding, a stronger solution is recommended as follows— 

Nickel sulphate 1*4 lb. 140 gm. 

Ammonium chloride 2£ oz. 15 „ 

Water . .1 gal. 1 litre 

Ammonium sulphate is not recommended, as its presence 
reduces the solubility of the nickel sulphate. 

Current Density and Thickness o! Deposit. The rate of nickel 
deposition has in recent years been considerably accelerated. 
With the old double nickel sulphate solution the rate of 
deposition rarely exceeded 3 to 4 amperes per sq. ft. and the 
time required to obtain a sufficiently substantial coating was 
of the order of three hours, a batch in the morning and another 
in the afternoon being the usual procedure. To-day solutions 
vary in strength from 100 to 300 gm. of the single nickel salts 
per litre. With 100-150 gm. per litre, the solution is fre¬ 
quently used cold when current densities approximating to 


TABLE LIX 

Thickness or Nickel Deposits 
Current efficiency 95% 

Current Thickness in Mils in 

Density___ 

Amp./Sq. Ft. 30 Min. 60 Min. i 90 Min. 1 120 Min. 
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6 amperes per sq. ft. are used. With the stronger solution 
used warm, however, there is the possibility of increasing the 
current density up to 60 or even 80 amperes per sq. ft. with a 
considerable reduction of time to obtain satisfactory thickness 
and increasing the number of batches of work put through the 
solution per day. A more usual rate of deposition is of the 
order of 20 amperes per sq. ft. Table LIX shows the thick¬ 
ness of deposits obtained under the different conditions in 
each case with a current efficiency of 95 per cent, and these 
figures are more viivdly expressed in Figs. 80 and 81 from 
which, without calculation, the thickness of deposit for any 
intermediate conditions can be readily derived. 

An alternative table (LX) shows times required for nickel 
(and also cobalt) deposition. 


TABLE LX 

Times Required for Nickel and Cobalt Deposits 
(C.Eff. = 95%) 


Amp. per | 

Sq. Ft. ] 

1 Time to Produce Thickness of 

•00005* 1 

•0001* 

•0005* 

i no r i 

•002* 

10 

6 

12 

1 

; 2 

i 

4 

20 

3 

6 

30 

1 

2 

30 

2 

4 

20 

40 

1-20 

40 

1-30 

3 

15 

30 

10 

50 

M2 

2-24 

12 

24 

48 

Om, per sq. ft. 

1035 

207 

j 10-35 

20*7 

41-4 


Above thick line =* hours and minutes. 
Below thick line = minutes and seconds. 


The determination of the thickness of nickel and other 
deposits has recently received considerable attention, the 
methods used being the applications of (a) direct measurement 
with the micrometer, (b) methods involving chemical treat¬ 
ment, and (c) methods based on the wearing away of the 
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deposit by either mechanical or chemical processes. These 
are dealt with in some detail in Chap. XXII. 

A simple method is that of taking a test piece with a thin 
coating of chromium on to which the required nickel deposit 
is made. A subsequent thin coat of chromium puts this 
deposit into stress enabling it to be readily stripped from the 
chromium below. The removed deposit is then measured 
with the micrometer. 

Rapid' Nickel-plating. For mass production purposes where 
large numbers of components are required to be well plated 
a very much quicker rate of deposition has been adopted 
with considerable success. There appears to be nothing very 
special in the solution or its method of operation. Normally 
a solution for this purpose contains from 200 to 250 grm. of 
the single salts per litre, with other usual additions, and is 
worked warm, higher temperatures favouring more rapid 
u deposition. The cleaning operations involve electrolytic alkali, 
followed by anodic pickling, care being taken to rinse thor¬ 
oughly before transferring to the nickel bath. Under these 
conditions current densities up to 80 amperes per sq. ft. 
requiring about 15 to 20 minutes' deposition are very service¬ 
able, the anodic pickling leaving a surface which admits of 
the closest contact between the base and deposited metals. 

Anodes. These may be of cast or sheet metal. Cast anodes 
are more easily dissolved, but subject to disintegration. Rolled 
anodes dissolve less freely and give rise to acidity but involve 
less scrap. Oval shaped nickel bars are sometimes advocated 
to diminish scrap. They seem to offer the possibility of 
greatly reduced surface with wear. 

There is some tendency for pure nickel anodes to assume a 
“passive" state, which reduces their rate of solution. To 
correct this, what are termed depolarized anodes have been 
introduced. This metal is of a high order of purity, but con¬ 
tains sufficient oxide to prevent passivity. The nickel depositor 
has thus some choice of anode material. Experience goes a 
long way in the selection of the most suitable type. 

A type of nickel anode now finding favour is designed to 
obviate the nuisance caused by the anode throwing off particles 
of nickel oxide or nickel. This “Auto-Filter" nickel anode is 
claimed to form a thin skin, continuous and adherent, which 
prevents the escape of particles which usually pass into the 
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solution and cause trouble. The skin thus acts automatically 
as a filter, while the anodes are claimed to have a very high 
efficiency. A special heavy type filter bag is also provided for 
protecting the anodes from damage during service. 

A scarcity of the metal, however, might considerably impede 
the industry. This has to some extent been the experience 
reoently on the Continent* though the supply of nickel com¬ 
pounds was not adversely affected. To overcome the difficulty 
electro-depositors had resort to the production of their own 
anodes by depositing nickel on cathodes of lead using also lead 
anodes. Nickel is deposited on the lead cathodes, while an 
equivalent of acid forms at the anode. This is continuously 
neutralized by the addition of nickel carbonate thus main¬ 
taining the metal content of the solution. The lead cathodes 
with their nickel deposit then become the anodes of the usual 
depositing tanks and, after losing most of their nickel, can be 
again thickened up by transferring to the anode production 
tank. 

Purity of Nickel Anodes. Time was when nickel anodes 
seldom exceeded a purity of 96 per cent, while they were more 
often of the order of 92 per cent. The nickel-plating industry 
was possibly retarded by the lack of more exact knowledge 
of the metallurgy of the metal and methods for its extraction 
in a purer form. To-day, purity is a matter which has called 
for consideration with the progress in the methods of deposi¬ 
tion, and has with other materials used in electrodeposition, 
been taken up by the British Standards Institution, f which 
in drawing up a specification co-ordinates the requirements 
of the consumer with the possibilities of the manufacturer. 

For nickel anodes the following particulars are, among 
others, called for in the specification referred to— 

Nickel (with cobalt) not less than 99*0% 


Nickel 


»» »» 

.. »8-6% 

Maximum impurities— 




Iron 

Copper 



. 0-76% 

. 0-25% 

Silicon 



• oi% 

Manganese 

Carbon 



• oi% 

. 0-3% 

. 001% 

Zinc 



* Springer: Proc. 

Ini I.E.C., E.T.S., March, 1937. 


t B.8.I. Specification 668, 1934. 
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This specification carries the assurance that the require¬ 
ments can be met by the manufacturer. 

Maintenance of Solution. With the efficiency of the present 
types of nickel anode and their longer life the maintenance of 
the composition of the nickel solution is not the difficult 
problem of that of years ago: Formerly anodes were very 
much less efficient with the continuous formation of free acid 
which from time to time had to be neutralized by periodic 



Months 


Fig. 82. Record of a Nickel Solution over a Period of One 

Year 

additions of either ammonia or, later, nickel carbonate. In 
modern practice, anode and cathode efficiencies are both more 
nearly alike and not far from ideal. Over long periods of 
working, therefore, the pH may remain fairly constant. Such 
variations as do occur may frequently be traced to undesigned 
additions of either acid or alkali owing to inefficient rinsing 
of work as it comes from either the acid etch m the case of 
ferrous metals, or alkaline cleaners in the case of non-ferrous 
metals. In fact such faulty operations may usually be 
detected by these pH variations in the nickel solution. 

The accompanying curve (Fig. 82) shows the variation of pH 
and density of a nickel solution over a period of one year. The 
solution measured 1,000 gallons and continuously carried 
250 amperes through a 24-hour day for the whole of this period. 
This represents 250 X 24 x 360 = 2,160,000 ampere-hours 
or over 2,000 ampere-hours per gallon. The constancy of the 
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pH curve may be taken as an indication of the efficacy of the 
buffering agent. With regard to the fall in density, the loss of 
salts may be taken as roughly proportional to the decrease in 
density, which in this case was from 20° B to 16° B or from 
M60 to 1*126 specific gravity (Fig. 82). 

The fractional loss may be taken as— 


160- 126 
160 


= 0-212 


representing a life of the original salts of nearly five years 
and an annual loss of salts on 1,000 gal. containing 3 lb. per 
gal. of 636 lb. of nickel salts with their accompanying chemi¬ 
cals. With careless operation the pH curve might have varied 
considerably from time to time with different classes of work 
brought from an acid etch or an alkaline cleaner. 

Removal of Iron. With solutions now worked at relatively 
low pH there is the tendency for the accumulation of iron, 
especially with steel work on portions of which no deposit is 
required or produced, such for example as tubular work which 
has been left uncorked. No advantage of any kind can be 
claimed for the presence of this iron and its removal becomes a 
matter of importance. Where stirring and filtration is used, 
the removal of iron is a fairly simple matter of reducing the 
acidity by the addition, with stirring, of a suitable quantity 
of nickel carbonate paste or sodium carbonate solution, and 
when the pH of 6 or more is reached iron salts hydrolyze and 
are precipitated. The removal is facilitated by using rather an 
excess of carbonate and agitating with air, the iron then being 
more readily precipitated together with, possibly, a small pro¬ 
portion of nickel. The solution is circulated through the filter 
and finally an addition of acid is made to bring the pH back 
to its required figure. 

Removal of Chromium. The presence of chromium com¬ 
pounds in the nickel solution may give rise to a smoky appear¬ 
ance to the deposit. Such compounds may be removed by the 
addition of 1 lb. of ferrous sulphate to each 100 gals, of 
solution and after standing for some hours an addition of 
nickel carbonate is made to bring the pH up to 4*8 keeping 
the mixture at 160° F. for some hours. It is then filtered and 
acid added to reduce the pH to 2*9 or other required value 
and, if needs be, filtered again through activated carbon. 
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Preparation op Work for Nickel-Plating 
The work which normally comes to the nickel-plater may 
be classified into a few groups— 

(A) Brass, Copper, Bronze, Gun-metal, Delta Metal, etc. 

These metals may be either (1) stamped or spun, or (2) cast. 

Stampings, etc. These usually have a sufficiently prepared 
surface to be sent to the polisher for liming. If machine or 
heat treatment marks are present, these must be removed by 
emery bobbing or emery brushing. Subsequent to buffing, 
the following sequence of operations will be followed— 

(a) Removing grease with either the electric cleaner, potash 
or soda, or the phosphate cleaner; (b) rinsing in warm water; 
(c) the application of a bright dip; (d) rinsing; (e) brushing 
with lime or whiting, and ample rinsing prior to passing to 
the nickel bath. Weak cyanide solutions are sometimes 
used but experience is proving that these are best omitted. 
The bright dip must be used with caution in order to minimize 
subsequent finishing. 

The bright dip has the advantage of increasing the adhesion 
of the deposit to the base metal. This has recently been 
shown by Hothersall* to be due to the action of the bright 
dip in removing from the surface of the work the thin layer 
of flowed or “amorphous” metal produced in the polishing 
processes which he found in certain cases is susceptible to 
hydrogen embrittlement during nickel plating. If this 
“flowed” layer is not removed, stripping is liable to occur 
due to the failure of the weaker layer of embrittled metal. 

Hothersallf has also originated a method of securing the 
removal of the flowed layer, which has the very important 
advantage over the old bright dip process that the original 
polish of the work is little impaired. The new process is 
applicable to the treatment of copper, brass, bronze, and gun- 
metal, and consists in etching the degreased work anodically at 
a current density of 10 amperes per sq. ft. in an acid solution 
of ammonium citrate prepared by dissolving 50 gm. of citric 
acid in water neutralizing with ammonia and adding a further 
20 gm. of citrio acid dissolved in water, finally diluting to 
1 litre. The bath is used at room temperature and treatment 
for 30 seconds is sufficient. The cathodes should be of nickel 
* J . Electrodepos . Tech . Soc . % 1932, vii, 115. 
t Ibid . 
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sheet or foiJ. After etching, the work is thoroughly rinsed 
with running water and transferred to the nickel bath without 
delay. 

Castings. These are characterized by porosity, an alto¬ 
gether undesirable feature from the platers’ point of view, the 
pores secreting liquids which, if not thoroughly removed, will 
assuredly lead to subsequent corrosive action, with peeling of 
the deposit. Preliminary grinding with felt bobs and succes¬ 
sively fine grades of emery is effected to develop a surface for 
the polisher. The same result may alternatively be obtained 
by rumbling in a barrel with steel balls and soap or by sand¬ 
blasting. The choice of method will, to some extent, depend 
upon the nature of the original castings. Subsequently, the 
work can be treated as though it were a stamping, except that, 
wherever rinsing is applied to remove any liquid, the opera¬ 
tion must be thorough to avoid the subsequent risk of spot¬ 
ting out. Cyanide solutions are again wisely omitted in the 
treatment. 

It has been pointed out by Caplan* that a good casting is 
essential to good plating. The expedient of tinning to fill up 
pores is in every way unsatisfactory. Excess sand should be 
removed before the work comes to the polishing shop. 

Anodic etching is applied in many cases, the copper alloys 
in a 5 per cent cyanide solution, and iron and steel in sulphuric 
acid of 50° B. The time of etching varies with different classes 
of work, cast iron requiring only from 15 to 20 seconds. Subse¬ 
quently, until required in the nickel bath, the work is kept 
in a 5 per cent cyanide solution, and prior to plating is rinsed 
and passed through a 10 per cent sulphuric dip and rinsed. 

(B) Iron and Steel. Sheet Metals. The mechanical and 
heating operations which these metals have usually under¬ 
gone necessitate the careful removal of the oxide films found 
on the surface. Sulphuric and hydrochloric acids are used 
for this purpose. The latter is in common use. Some prefer 
to start with the strong acid and use this until its acid 
content has been reduced to nearly zero, after which the pickle 
is thrown away. Others prefer to decide on a particular 
strength of acid, and from time to time make further additions 
to maintain this strergth while at the same time throwing 
away an equal volume of the older acid. Very little scouring 
* J. Mertrodepoa, Tech. Soc. t 1934, ix. 
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should suffice to complete the cleaning. Grease in quantity 
may be removed in one of the modern types of de-greatcrs, 
and for the production of a matt surface sand-blasting is often 
resorted to. 

Where nickel is being applied directly to iron and steel a 
process of anodic pickling is resorted to, the work being made 
anode in a sulphuric acid of about 60° B. with or without a 
few ounces of chromic acid per gallon. Nitric acid is alsc 
being used as an alternative to the chromic acid. 

Castings. For iron castings the general rules applicable 
to brass castings must be followed. Grinding must be applied 
to remove the lowest pits and when sand-blasting is used it 
may be necessary to pickle the metal in hydrofluoric acid to 
remove imbedded particles of sand. Much depends upon the 
quality of the castings, and if these are of gbod quality it may 
be necessary only to pickle without the application of the 
.mechanical processes of sand-blasting or grinding. After pick¬ 
ling, however, it is well to give a light scouring with lime to 
neutralize remaining acid, and inhibit subsequent spotting 
out. 

Anodic Acid Etch. The preparation of steel surfaces 
for nickel-plating is also accomplished in what is called an 
anodic acid cleaner. This is composed of moderately strong 
sulphuric acid of 60 to 70 per cent strength corresponding 
roughly to 50° to 55° B.. to which is added potassium dichro¬ 
mate (K 2 Cr 2 0 7 ) to the extent of 3 oz. per gallon, or say 20 gm. 
per litre. On a 6-volt circuit a current density of 100 amperes 
per sq. ft. will first be obtained, this soon falling to 20 amperes 
per sq. ft. The lead lining of the tank can be used as the 
cathode and a treatment of about one minute suffices to remove 
the oxides, the anodic oxygen removing the grease and scale 
and also rendering the surface passive. The satin surface 
developed provides a perfect “key” for the subsequently 
deposited nickel. The method is largely used in mass pro¬ 
duction work with but a very small percentage of stripping.* 

Metals carrying passive films, as for example stainless steel, 
offer difficulties of adhesion of deposited nickel, necessitating 
the removal of the film prior to plating. Tins preliminary 
treatment involves immersion in concentrate 1 hydrochloric 
acid vhen the subsequent deposition of nickel is made from a 

* Laban: J. Electrodepos. Tech. Eoc., I9. r >0. . 1.*' 
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chloride solution. For other nickel solutions, however, the 
preliminary dip contains, in addition to the acid, some ferric 
chloride and arsenic trioxide. In any case it is advisable for 
the nickel bath to contain some chlorides with a low pH 
value. The nickel deposits will subsequently lend themselves 
to chromium plating in the usual type of solution.* 

(C) Zinc, Tin, and Lead Alloys. After preliminary polishing 
with a Vienna lime and stearine compo, the work is cleaned 
with a mild alkali such as soda ash or soda phosphate solution. 
Strong alkalis cannot be used, as they attack these metals. 
They are then scoured with lime or whiting, and transferred 
to the cyanide copper bath. 

Zinc work, if onlj? slightly covered with oxide, may be 
pickled in weak sulphuric acid for a few seconds only. It is 
permissible to imhierse Britannia metal and lead in weak 
nitric acid for a very short time. Tin requires special treat¬ 
ment in polishing, the usual lime and stearine compo not being 
suitable. A drier compo, such as tripoli, is here more service¬ 
able. 

Most zinc castings are of the type known as die castings. 
These may at times require grinding on flat bobs to remove 
the deepest blowholes, different grades of emery being used 
for this purpose. Subsequently a final polish with tripoli 
compo can be imparted. 

Treatment of Die Castings. The choice of solutions for 
nickel-plating die castings is not one made without reference 
to the scientific side of the subject. Zinc is a very active metal. 
Ordinarily it turns nickel out from its solutions. An attempt 
to nickel zinc or its alloys under ordinary conditions results 
in a black streaky deposit, due largely to the simple immersion 
deposition. The conditions of the solution and deposition 
must, therefore, be such as minimize this possibility of simple 
immersion deposition. Raising the current density is a step in 
the right direction, but the solution requires modification.f 
A lower nickel ion concentration is required without neces¬ 
sarily decreasing the nickel content of the solution. A sulphate 
solution is, therefore, preferred to a chloride solution. The 
addition of sodium or magnesium sulphates is advantageous 

* Hoefner: Monthly Ifev. Amer. Electroplaters' Soc., 1933, 20 (1) 22-20 
t Laban: J. Elrctrodepos. Tech . Soc., 1935, vi, viii; Wright and 
Taylor: Ibid., viii, 8. 
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in that with its common S0 4 ion it reduces the concentration 
of the nickel ions. This is also effected by the addition of 
citrates which effect the formation of complex ions. Minimum 
stirring keeps the nickel ion concentration at the cathode low, 
and this is further facilitated by the addition of some colloids. 
The solution is one of design rather than accident. 

For nickel-plating die castings, therefore, solutions contain 
notable proportions of sodium citrate (Na 3 C 6 H 5 0 7 ) or sodium 
sulphate. Two solutions in successful commercial operation 
are as follows— 

(1) Double nickel salts . 10 oz. per Imp. gal. 62*5 gm. per litre 

Common salt . 7 „ ,, „ „ 43*7 „ „ ,, 

Boric acid . 2 „ „ „ ,, 12*5 ,, „ ,, 

Sodium citrate . 1 „ „ „ 6-25 ,, „ „ 

(2) Single nickel salts . 9 oz. per Imp. gal. 56 gm. per litre 

Ammonium chloride 1*5 ,, ,, „ 9-4 „ ,, 

* Boric acid . . 2 „ „ 12*5 „ „ „ 

Sodium sulphate (cryst) 32 „ „ „ „ 200 „ „ „ 

Kven with these solutions very definite methods must be 
followed if the deposition is to be assured of success. In some 
cases it is regarded as good policy to put on an undercoat of 
copper from the cyanide solution. A large amount of work, 
however, is treated by direct plating of the nickel on to the 
die castings. 

Striking the work is to be recommended to prevent the 
possibility of the solution of the zinc. For this purpose a C.D. 
of 25 to 30 amperes per sq. ft. may be used for 20 to 30 seconds, 
after which the C.D. is reduced to normal for the period of 
deposition, which may be from 30 to 40 minutes, according to 
the finish required. 

Again, the acidity of the solution must be kept down, not 
allowing the pH value to be less than 5-5 to 5*8. The sodium 
sulphate is recommended because it is cheaper than the mag¬ 
nesium salt. The added sulphate improves throwing power by 
reducing the concentration of nickel ions around the cathode. 
Were it not for the spotting out troubles, which invariably 
occur with cyanide solutions, it might be suggested that it is 
better to copper the work first. Many practical platers regard 
direct nickelling as the safer procedure. 

Black Nickelling. This process has been largely applied. 
Formerly an alkaline solution containing arsenic was used, 
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but presented the difficulty of maintenance in order to obtain 
uniform results. According to a Technological Paper issued 
by the United States Bureau of Standards, the best results 
were produced from the following solution— 

Nickel ammonium sulphate approx. 10 oz. per gal. 60 gm. per litre 
Zinc sulphate . „ If „ „ „ 7*5 „ „ „ 

Sodium thiocyanate 2f ,, ,, „ 15 „ „ ,, 

The solution is worked cold at a low voltage of 0-5 to 0*7 volt 
giving not more than 1 ampere per sq. ft. An increase in 
current density diminished the blackness of the deposit, which 
became greyer in colour. 

The analysis of the deposits gave results of the following 
order: 40 to 60 per cent nickel, 20 to 30 per cent zinc, 10 to 
14 per cent sulphur and 10 per cent organic matter. While, 
therefore, the deposit is not entirely of metal, it is largely 
metallic. Nickel anodes of the type which do not dissolve 
readily are used, so that the solution does not acquire more 
nickel than is deposited. Additions of zinc sulphate and 
sodium thiocyanate are required from time to time. Quite 
thick deposits can thus be biiilt up. 

Barrel Plating. The conditions of barrel plating are 
markedly different from those of vat plating. In the vat„ 
there is usually a large volume of solution and area of anode, 
relative to the surface of the work plated. In the barrel the 
proportionate volume is much smaller, as is also the area of 
the anode. With the rapid conditions employed in the barrel, 
there is the definite tendency to the impoverishment of the 
solution with increase of acidity. These conditions are cor¬ 
rected by periodically—daily, if not more frequently—changing 
the solution with other from the main vat. 

Common Defects in the Nickel Solution. The nickel solution 
is possibly the most susceptible to deviations from the path 
of good working, and many defects may arise. Some of those 
more usual may here be referred to. 

If the work appears to receive little or no deposit and is 
discoloured there is the greatest possibility that the current is 
too low, this being brought about by unexpectedly high 
resistances of poor contacts, thin connecting wires, and the 
like. The renifdv for this is obvious. On the other hand poor 
cleaning may be, to some extent, responsible. The trouble 
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is also met with metals containing zinc, but may be overcome 
by striking with a high current density. 

Alternatively the work may appear to be well nickelled, but 
the deposit is rough and dull. This is commonly the result of 
too high a current density, which is easily remedied, or it may 
bo that the bath is too alkaline. A check of the pH will be 
necessary. Again, poor conductance may account for a similar 
trouble, this fault being rectified by the addition of nickel 
sulphate or common salt. These additions depend, to some 
extent, upon the composition of the bath. 

The deposit may show evidence of peeling. This is most 
usually due to too high a current density, at least on prominent 
parts of the work, probably while the more remote parts are 
being covered. An obvious remedy for this is to increase the 
inter-electrode distance, making less difference between these 
two parts of the work. Alternatively, peeling may be occa¬ 
sioned by the presence of a previous deposit of nickel. It is 
correct practice to remove all prior coatings of nickel before 
attempting to put on a new deposit, the old deposit carrying 
a thin film of insoluble oxide difficult to remove, and effecting 
a separation between the two coats of nickel. Complete 
stripping prior to replating is essential. The same difficulty 
may also arise from too high a C.D. generally, or, again, by 
too great acidity or too low pH value. This latter fault can 
best be remedied by the addition of nickel carbonate, the 
excess acid being taken up as nickel sulphate without the 
addition of unnecessary constituents. There is also the possi¬ 
bility of the presence of films of oxides of the base metals due 
to faulty cleaning, with its obvious remedy. 

Another common fault is the tendency to the production 
of black streaks on the deposit. This is usual with work con¬ 
taining notable quantities of zinc, and metals of this class, 
including die castings, require special treatment. The presence 
of zinc in the solution also gives rise to the same trouble. 
Such zinc content might arise from the use of galvanized vessels 
in the preparation of the solution. If the trouble is slight it 
piay possibly be remedied by working the solution for a time 
with a high current density on to iron cathodes, the zinc thus 
being deposited out, although with excess of nickel. If this 
trouble is more severe it may possibly be removed by addi¬ 
tion of oalcium carbonate, precipitating the zinc as carbonate. 
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with again some nickel, which will have to be sacrificed. A 
serious contamination with zinc may, however, not be amen¬ 
able to either kind of this treatment, and may necessitate 
throwing away the solution. 

Spotting out occurs frequently with nickel deposits, mainly 
due to imperfect methods of cleaning, but these remedies are 
treated elsewhere. Finally, dark burnt deposits may be due to 
too high a C.D., too low a metal concentration, or too low a 
temperature. These several possibilities can readily be 
separately explored and remedied. In the winter, when the 
solution is cold after a week-end rest, a bucket of hot water 
may do all that is required. Solutions, whether warm or cold, 
are continuously evaporating, and occasional additions of 
water are necessary. 

Porosity. The thin deposits of nickel usually pat on for 
protective purposes often fail to protect by reason of the 
presence of numerous small pores. These admit the corrosive 
media with fatal results. Porosity is due to a number of causes. 
Irregularities on the surface of the metal and the settling of 
suspended impurities are the two chief causes. Some of these 
difficulties may be obliterated in thicker deposits, and a thin 
porous deposit may improve on thickening. With a view to 
preventing accumulation of fine particles in suspension in the 
nickel solution anodes are often bagged. Pores also result 
from the clinging of gas bubbles to the surface. As the gas 
is disengaged the metal beneath becomes coated with nickel, 
and what, with clinging hydrogen, might have developed into 
a pore, is eliminated. Generally speaking, porosity is a term 
applied to microscopic channels running through a deposit 
and terminating with the base metal, thus admitting the 
presence of corrosive influences. Porosity, in the initial stages 
of deposition, may thus be eliminated by continued deposition, 
hence the usual requirement of a definite thickness of deposit. 

Pitting. There is some confusion as to the use of this term 
as distinct from porosity. Pitting may be regarded as the 
presence of macroscopic (seen with the naked eye) holes or 
channels running either right through or terminating in the 
thickness of the deposit, which have for the most part been 
occasioned by the clinging of hydrogen bubbles. If the holes 
go right through the deposit corrosion of the base metal may 
occur. If the holes terminate within the deposit no such 
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corrosion will occur. A further distinction between pitting 
and porosity is that the former is generally very local and 
obvious, while porosity is more general, and very much less 
obvious. 

The pbrosity of nickel deposits has been one of the sorest 
problems of the nickel-plater. Many causes have been sug¬ 
gested, with methods for the elimination of the defect. Only 
recently, however, has the subject been explored with any 
degree of scientific precision. 

A porous deposit provides a source of weakness in that it 
permits the entrance of corrosive moisture to the underlying 
metal. Corrosion begins and proceeds between the base metal 
and the nickel coating leading to the flaking off of the latter. 

A number of causes have definitely been assigned for this 
defect. In the first place much pitting is occasioned by the 
sticking of small hydrogen bubbles on the cathode surface. 
The points of sticking are imperfections on the surface of the 
metal. They might, in some cases, be removed by machining, 
and while this may not be possible in numerous cases, the 
required uniform surface is producible by a preliminary 
deposit of copper of about 0-0004 in. thickness. This will be 
appreciated when it is remembered that in the solution of 
ordinarily impure zinc the hydrogen is evolved at such points 
of impurity, and the zinc is rendered immune from corrosion 
in acid by covering these points with mercury. As a step 
towards the elimination of hydrogen the addition of nickel 
nitrate, hydrogen peroxide, and other oxidizing substances 
finds some vogue. 

But the presence of hydrogen is in itself attributable to 
the presence of an excess of acid. If the pH value of the 
solution is of the order of 3-4, considerable quantities of hydro¬ 
gen may be deposited. The pH figure should be more nearly 
5-5-6-4 and this is a figure which should be frequently tested 
for, the test being so simply carried out and of such great 
value. 

Another cause is traceable to thg presence of suspended 
impurities. These may become attached to the cathode, and 
prevent deposition. Alternatively, thej^ may, in some cases, 
become covered with metal and give rise to roughness. Their 
removal can be effected by filtration. This is now well estab¬ 
lished procedure. It does not involve occasional emptying the 
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bath. Continuous filtration can be easily effected, the solution 
being taken from the bottom of the tank by pumps or the 
air lift, and delivered back to the tank through simple cloth 
filter bags. 

The study of this defect has been the subject of several 
investigations by Macnaughtan and his associates. Thus 
Maenaughtan and Hothersall* were able to differentiate 
clearly between two distinct types of pitting, one associated 
with surface imperfections in the basis metal and the other 
with the condition of the solution. They also showed that 
pitting of the former type could be readily eliminated by the 
use of a composite coating of nickel-copper-nickel. 

It was at first thought that pitting of the second type always 
resulted from the presence of impurities in the solution. It 
was later found, however, that cases of pitting occurred in 
highly purified solutions, and in a subsequent paper the 
authors express the opinion that in such eases the presence 
of flocculated basic material at the cathode face by absorption 
into the gas-liquid interface increased the adhesion of tin* 
hydrogen bubbles on the cathode surface and thus caused 
pitting in the deposit. In support of this view they describe 
numerous experiments in which pitting has occurred in pure 
solutions under conditions favourable to the production of 
flocculated basic material at the cathode face. 

In general the occurrence of pitting is favoured by the 
presence of chlorides or the absence of alkali metal salts in 
the solution, whilst operating the solution at a low pH (pH 3-0 
or less) will usually ensure freedom from the defect. 

Peeling. Nickel deposits are notoriously prone to peel away 
from the basis metal. Two reasons may be given for this. The 
first is that of lack of cleanliness, and therefore a poor grip 
between the deposited nickel and the metal beneath. The 
remedy for this is obvious. Of all solutions, those for the 
deposition of nickel are absolutely void of any cleansing 
properties, and scrupulous care must, therefore, be exercised 
in guaranteeing the cleanest surface possible for the reception 
of the nickel. 

Hut there must be some added tendency to pull the nickel 
away and cause it to curl up in the all too familiar way. This 
tendency arises from the fact that most deposited nickel is in 

* Trans. Faraday Nor., xxiv. 
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a condition of stress. There are, in the deposit, forces tending f 
to make the deposited surface shrink, and this causes the 
deposit, if it has the freedom, to curl. A deposit of nickel on 
one side of a cathode shows this property at once. The defect 
occurs in other deposited metals in which co-deposited hydro¬ 
gen may be absorbed. A very striking example is seen in the 
accompanying photograph, Fig. 83, which shows a deposit of 
zinc. This was when deposited quite flat. After removal from 
the aluminium cathode on which it was deposited, it slowly 
began to curl. This has been going on for some years, and 
there is every indication that the deformation is still proceed¬ 
ing. Appreciating this possibility, we can understand the 
source of peeling in nickel deposits and take steps to prevent it. 

First, attention must be given to the preparatory cleaning 
of the work. Secondly, steps must be taken to minimize these 
stresses during deposition. It has been shown clearly that the 
trouble can be got over by using solutions of low acidity with, 
therefore, less likelihood of the deposition of hydrogen, and 
further at temperatures of between 35° and 40° C. (95° to 
104° F.). 

Nickel Undercoat for Chromium. Nickel has come to be 
recognized as the most suitable metal upon which to deposit 
chromium, the nickel providing a coating which withstands 
corrosion, and upon which chromium can be readily and 
adhesively deposited. For this purpose special properties 
are required by the nickel coating. Nickel deposits are usually 
hard and brittle, but as an undercoat for chromium a softer 
and tougher metal is required, one which will give somewhat 
to the stresses imposed upon it during the deposition of the 
chromium. Such deposits are less liable to peel during deposi¬ 
tion or to strip afterwards. 

A solution recommended for this purpose is the following— 

Single nickel salts . 3 lb. 300 gm. 

Nickel chloride 3 oz. 19 

Boric acid 2 oz. 12*5 ,, 

Water .... 1 gal. . 1 litre 

In order to secure a bright deposit with less buffing costs 
the solution is worked at a temperature of 100°-1I0° F. 

Deposits from ordinary solutions, though capable of receiv¬ 
ing good finishes, are often found to be quite ineffective for 
chromium plating. Some of the defects of the usual nickel 
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deposit are (1) poor adhesion due to faulty cleaning; (2) brit¬ 
tleness due to co-deposited hydrogen; and (3) oxidation of the 
nickel surface. 

Fortunately, the chromium plating solution shows some 
cleansing properties in that it readily dissolves many metallic 
oxides, though it is unsatisfactory to leave the solution to 
effect this removal. 

The production of the required physical properties of the 
nickel deposit demand attention to three factors chiefly. These 
are (1) temperature, (2) current density, and (3) acidity. 

At an elevated temperature higher current densities .can be 
effectively used, while still retaining comparatively soft de¬ 
posits. Acidity needs careful control. This is, to some extent, 
effected by the introduction of a little chloride in the solution 
to promote anode corrosion, and thus prevent the formation 
of acid. Moreover, the presence of fluorides in the solution is 
well recognized to exert a control over the pH value. Equal 
quantities of acid added to two nickel solutions, differing only 
in the addition qf fluorides to one of them, cause a smaller 
increase in acidity (or a lowering of the pH value) in the bath 
containing the fluorides. Boric acid provides the required 
degree of acidity, and, moreover, acts like fluorides in prevent¬ 
ing marked changes in the pH value. Such reagents which 
exert a steadying effect on the pH value have already been 
referred to as buffering reagents. 

With such precautions there is no difficulty in providing a 
nickel coating which is suitable for the subsequent chromium 
deposit, and such a nickel deposit should preferably precede 
the deposition of chromium on all grades of brass. In the case 
of iron and steel these metals may either be directly nickelled 
and then chrome-plated or they may receive an initial thin 
film of nickel, followed by sulphate copper, then nickel, and 
finally chromium. Another advantage of the nickel coating is 
the modifying effect upon the somewhat blue tone of the 
chromium, and the fact that in recesses, where the throwing 
power of the chromium solution is poor, the nickel colour is 
far preferable to the possibility of a red copper base being 
discerned. 

In the early stages of chromium-plating development there 
seemed to be the recognition of the need for prior nickelling 
in a solution of this stronger type. While this solution, as a 
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type, is still of extensive application, there is abundant 
evidence that one of the compositions given on page 269 is in 
every way serviceable though slower, and a large amount of 
work is to-day being satisfactorily turned out from this weaker 
solution. 

Heavy Nickel Deposition. One very large and important 
application of nickel deposition is that of the salvaging of 
worn machine parts, thus bringing them back into service 
with greater speed, more economy, and enhanced properties 
than new parts. The process originated during the European 
War. Then the idea of building up worn parts by the deposi¬ 
tion of iron was first tried out. It was natural that iron should 
be selected as the metal to function for this purpose. The 
deposition of iron, however, was by no means so well under¬ 
stood, and difficulties early presented themselves leading to a 
change over to the metal nickel as most nearly like iron. The 
process soon justified itself. Its results were so eminently 
satisfactory that it soon became established practice to intro¬ 
duce deposited nickel into the manufacture qf the parts which 
were to receive excessive wear. 

The hardness of deposited metals is much greater than the 
same metals in their usual metallurgically prepared forms. 
Evidence of this is to be found in Table LXX on page 435. 
Moreover, the method could be employed on the spot, thus 
saving a lot of delay in transport. It has since been continued 
on an increasing scale and now provides a useful tool in 
engineering construction. 

Machine parts which have been reduced in diameter through 
excessive wear are first machined to take out marked uneven¬ 
ness and to secure concentricity. They are suitably cleaned in 
hot alkali or an electrolytic cleaner, the usual trichlor- 
ethylene cleaners being too small for some of the large pieces 
which come up for treatment. The parts not requiring deposi¬ 
tion are now “stopped off” to prevent useless deposition. 
This is done by immersing the whole of the part in a bath of 
suitable wax, for which purpose paraffin wax was first em¬ 
ployed, but has more recently been superseded by other 
waxes including those of the chlorinated naphthalene type. 
For this waxing process the parts requiring deposition are 
protected. The waxing may require two immersions to obtain 
the required thickness. After cooling the whole of the piece, 
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that portion which is to be plated is again lightly cleaned in 
a lukewarm cleaner and, after rinsing, introduced into the 
nickel plating solution in which it receives a deposit sufficiently 
rapid to reduce time to a minimum without the risk of the 
development of undue roughness on the more extreme por¬ 
tions. This may require hours, days, or in special cases even 
weeks, until the deposit is definitely thicker than the finished 
dimension. After rinsing, the wax is removed by re-immersion 
in the wax pot and allowing to drain. The deposit is then 
machined down to finished dimensions and is ready for re¬ 
placement for service. It is then found to be far more service¬ 
able on account of the increased hardness of the deposited 
metal. 

Similar examples of deposition are concerned with chromium 
in which case the deposit is exceedingly hard, the chromium 
l)eing applied on the top of the nickel or in some cases 
alone. 

Cadmium by reason if its endurance against corrosive condi- 
t ions has been used in the same way. 

Further, in special cases it has been found feasible to apply 
the metal to exact finished dimension without resort to any 
subsequent machining or grinding process, the deposition 
conditions being controlled to ensure all the required smooth¬ 
ness. In some such cases the bearing itself may provide the 
plating tank with a small revolving anode centrally disposed. 

By the more ordinary process, large parts weighing a num¬ 
ber of tons have been treated necessitating the use of lifting 
cranes for holding the part while in the deposition tank. One 
can easily visualize the massive proportions of the tanks and 
their equipment for this purpose. 

Protective Value ol Nickel Deitosits. It is difficult to assess 
exactly the value of nickel deposits. Assuming that the 
process of deposition has produced an apparently sound 
adherent deposit, there remains the question of permeability 
to corrosive influences. Few deposits can be regarded as 
absolutely perfect. Few are entirely free from porosity. 
Generally, increasing the thickness reduces porosity, though 
the deposit need not necessarily be all nickel. By tests on 
somewhat the same lines as those referred to under the treat¬ 
ment of zinc deposits, it is possible to make rough com¬ 
parisons of the relative values of different deposits. Generally 
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these deposits may be compounded with copper and nickel, 
usually, where iron and steel are concerned, comprising a thin 
deposit of nickel on the base metal, followed by an appreciable 
thickness of copper from the acid bath. This deposit is then 
polished prior to putting on the final coating of nickel. Of 
such a composite deposit 1 mil ( = 0*001 in.) should provide 
a satisfactory coating equal to all the usual conditions of ser¬ 
vice. Such a deposit requires about 20 ampere-hours per sq. 
ft. of the two deposits reckoned together. 

Production of Nickel Sheets. The processes of nickel deposi¬ 
tion go beyond the range of electro-plating and building up, 
and touch the realm of electrolytic refining and the adaptation 
of the metal. In the latter case, the production of nickel sheets 
by deposition has been described by Wynne-Williams.* The 
structure of sheet metal required for a number of mechanical 
operations is different from that usually obtained by deposi¬ 
tion. Ductility is an important, even an essential, asset. Such 
structure can, however, be produced by control of the con¬ 
ditions of deposition, and sheets of nickel up to 12 ft. long and 
4 ft. wide are produced by deposition upon suitable steel 
rollers which admit of easy stripping. Such sheets may go up 
to 0*048 in. in thickness. In the paper referred to, the usual 
conditions for this type of deposition are laid down, these 
including high current density, rapid rotation of the partly 
submerged cylinder, low pH and a relatively hot solution 
continuously filtered. There appears to be no very special 
composition of solution essential to the process which has 
attained commercial importance. 

Composite Coatings. Owing to the difficulty of removing or 
neutralizing alkaline solutions retained in the pores of metal 
castings, most workers prefer to use the acid copper bath for 
flash coppering prior to nickelling or chromium plating. As 
the acid copper bath cannot, however, be used for direct 
plating on to iron, it is the practice in this instance to flash 
the article in an ordinary nickel solution for just sufficient 
time to assure a complete coating of nickel, rendering the 
basis metal immune from attack by the subsequent copper 
bath. 

The article is then transferred to the acid copper bath to 
receive a substantial coating of close-grained copper, after 
* J, Electrodepo*. Tech. Soc., 1936, xi, 143. 
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which it is rinsed, and transferred to the nickel bath to receive 
the desired coating of nickel. By this means much trouble 
due to subsequent spotting out can be avoided. 

The most satisfactory type of chromium deposit on iron is a 
composite coating comprising nickel, copper, nickel and 
chromium: 
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Conditions influencing the hardness of nickel deposits—Anodic 

polishing-Stripping nickel deposits—Bright nickel plating— 

Schlotter solution—Hinnchsen solution—Analysis of nickel plating 
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nickel-cobalt solution—Estimation of boric acid— Estimation of 
sodium naphthalene trisulphonate 

Conditions Influencing Hardness of Nickel Deposits. In the 

electrodeposition of nickel the cathode efficiency is invariably 
somewhat less than 100 per cent. In the absence of other dis¬ 
chargeable ions the small proportion of the current which 
is not utilized in depositing nickel is of necessity used in the 
discharge of hydrogen ions. The hydrogen thus produced at 
the cathode appears in part as gas bubbles which, if conditions 
are favourable, may adhere to the cathode and thus cause 
pitting in the deposit. 

A more fundamental aspect of this discharge of hydrogen 
ions, however, lies in its effect upon the acidity of the electro¬ 
lyte in the immediate vicinity of the cathode. Hydrogen ion 
discharge implies a reduction of acidity or a tendency for 
alkaline conditions to develop in the electrolyte.* A number 
of factors will determine the extent to which this tendency 
will proceed, some of which will be considered later. For the 
moment it is desired to consider the effect of such alkalinity 
upon the conditions at the surface of the cathode. 

When a solution containing nickel ions is made progres¬ 
sively more alkaline, a point is reached at which hydrolysis, 
that is a decomposition by means of water, of the nickel salt 
takes place with the result that some of the nickel is thrown 
out of the solution in the form of a basic compound. The 
physical nature of this material as well as its chemical com¬ 
position will vary according to the conditions of precipitation, 

* Trans. Amer . Klectrochcm. Soc. t xxv, 335, 1914. 
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more particularly in respect of the composition and acidity 
of the solution. 

Macnaughtan and his co-workers have made a close study 
of this subject, the results of which have appeared in a series 
of papers before the Faraday Society. The principal findings 
are summarized below. 

In a study of the effect of acidity on the hardness of elec- 
trodeposited nickel, Macnaughtan and Hammond* found 



Fig. 84. Effect of pH of Nickel Solution on Hardness of 
Deposits 

that in a number of typical electro-plating solutions the hard¬ 
ness of the nickel decreased rapidly as the acidity of the 
solution increased, until a critical pH was reached, below 
which no further diminution in hardness took place. In its 
place there was a very slow increase. Curve I (Fig. 84) shows 
the relation between the hardness of the deposit (Brinell 
number) and the acidity of the electrolyte in a solution con¬ 
taining nickel sulphate, potassium chloride, and boric acid, 
and is typical of the results obtained. 

In a subsequent paper Macnaughtan, Gardam, and Ham¬ 
mond f describe the results of systematic variations in the 
composition of the electrolyte, their experiments aiming at 
* Trans . Faraday Soc ., xxvii. 633, 1931 
f Trans. Faraday Soc. f xxix, 792, 1933. 
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explaining the functions of the individual constituents in 
nickel-plating solutions in determining the mechanical prop¬ 
erties of the deposits obtained, and also the incidence of certain 
defects, notably pitting. In particular, alkali metal ions and 
chlorine ions were found to exert a marked effect both on the 
mechanical properties of the deposit and on the incidence of 
pitting. Thus the omission of the potassium ion from the 
solution described above resulted in a marked reduction of 
the hardness of the deposits below the critical pH. This is 
shown in Curve //, Fig. 84. 

Moreover, the absence of the potassium was found to cause 
a pronounced increase in the amount of pitting. The ions of 
the other alkali metals were found to function in a similar 
manner. Thus the presence of alkali metal ions in a nickel- 
plating solution has two principal effects: (1) harder deposits 
are obtained, and (2) the tendency of the solution towards 
pitting is diminished. 

The effect of omitting chlorine ions was still more striking. 
When the pH of the solution was lowered below the critical 
value in the absence of chlorine ions, a sudden marked in¬ 
crease in the hardness of the deposits was obtained, this rise 
in hardness being subsequently replaced by a rapid diminution 
after a certain pH was reached. See Curve III, Fig. 84. 

It was also found that the presence of chlorine ions in a 
nickel solution tends to increase the liability to pitting. 

Thus alkali metal ions have a hardening effect on the 
deposit and tend to prevent pitting, while chlorine ions have 
the converse effect, viz. to soften the deposit and increase the 
tendency to pitting. 

The authors explain these results in the following manner: 
The basic material produced at the cathode by the discharge 
of hydrogen ions may appear (1) in a colloidal form; (2) as a 
coagulated precipitate; or (3) as a mixture of both these 
forms. The presence of certain colloidal materials is well 
known to produce a refinement of crystal size in the deposit 
and thus the presence of colloidal basic material at the cathode 
surface will produce hardening in the deposit. The presence 
of colloidal material is favoured by (1) a high pH of the 
solution, and by (2) the presence in the solution of alkali 
metal ions, the latter stabilizing the colloid, and hence the 
influence of these conditions in promoting harder deposits. 
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Not all of* the basic material produced at the cathode sur¬ 
face remains in the colloidal form, a proportion appearing as 
a flocculated precipitate which can have no influence on the 
hardness of the deposit. Flocculation of the basic material 
which is first formed in the colloidal form is brought about 
by the presence in the solution of negatively charged anions 
which neutralize the positive charges of the colloid and thus 
cause it to flocculate. Of these anions the monovalent chlorine 
ion, by reason to its close approach to the cathode, is the most 
effective, hence the influence of chlorine ions in diminishing 
the hardness of the deposit. 

Positive evidence in favour of the above theory has been 
provided by Macnaughtan and Gardam* who have been able 
to recognize the absorbed basic materials in heat-treated 
electrodeposited nickel and to correlate the amount present 
with the conditions of deposition by observing its effect in 
restricting grain-growth on low temperature annealing. The 
authors have also investigated the hardness, tensile strength, 
and ductility of various types of electrodeposited nickel both 
before and after annealing. 

Anodic Polishing. As a method of improving the appearance 
of dull nickel deposits, anodic treatment in a sulphuric acid 
solution has been developed by Hothersall and Hammond, f 
The deposit is made anode in sulphuric acid of 75 per cent 
strength at a temperature of 20-40° C. The acid is made by 
mixing 60 volumes of the concentrated acid with 40 volumes 
of water. At a high C.D. of 250 amp./sq. ft. from -5 to 2*5 
minutes serves to remove the rough surface and leave one 
which is markedly brighter. The nickel removed in the process 
is slight, amounting to -00005 inch from a -001 inch hard 
deposit, and -00015 inch from a -001 inch soft deposit. The 
resulting surface can be described as intermediate between the 
usual dull and bright deposits. 

Stripping Nickel Deposits, Nickel deposits may be removed 
by either electrolytic or dipping methods. 

Electrolytic. Solution— 

Sulphuric acid (66° B) . 2 gal. 

Glycerine . . . 2 oz. 

Water . . . 1 qt, 

♦ Trans . Faraday Soc ., xxix, 755, 1933. 
t British Patent No. 504026, 1941. 
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The solution is used cold with either (a) the lead lining of 
the tank as cathode or (b) lead plates serving the same purpose. 
Usually 6 volts will be required for the purpose and where 
materials are being handled in quantity there is some chance 
of the economic utilization of the nickel which passes into the 
solution. 

This method is capable of a number of variations by the 
alteration of the proportions of the acid and water, variation 
of temperature and sometimes the addition of a small amount 
of copper sulphate which is claimed to reduce the attack on 


the basis metal. 

Dipping. Solution— 

Sulphuric acid (cone.) . . .2 vols. 

Nitric acid (cone.) . . 2 ,, 

Hydrochloric acid (cone.) . ^ vol. 

Water . 1 ,, 


It should be almost unnecessary to add that the sulphuric 
acid should be added to the nitric acid and not vice versa, 
while the water may preferably be added to the nitric acid 
before the addition of the sulphuric acid. The acid mixture 
may be used cold, though with an elevation of temperature 
to 160° F. the action is accelerated. Again, many variations 
are possible with an acid mixture of this type. 

Bright Nickel Plating. Considerable interest has recently 
been taken in this new development in the art of nickel plating, 
the advantages for which are numerous. 

In the first place, there will be the necessity for the produc¬ 
tion of a high finish prior to plating. Subsequently there will 
be no loss of nickel by final buffing and the time of deposition 
can therefore be proportionately reduced, it being usually 
reckoned that 20 per cent of the metal’is removed in this final 
process. Bright deposits represent very fine crystal structure 
with which is also associated greater hardness. Where 
chromium-plating follows, added advantages accrue by cutting 
out the operations of drying, unwiring, polishing, rewiring 
and degreasing before passing to the chromium bath. 

With these and other advantages in mind, it becomes pos¬ 
sible to draw up what might be regarded as the ideal properties 
of such a solution. These have been set out as—* 

(1) The maintenance of brightness to reasonable thieknesB as con¬ 
trasting with mere flash deposits. 

* J. Klectrodepos. Tech. Soc 1930, xi, 199. 
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(2) Good physical properties including those of adhesion, hardness, 
ductility, and lack of porosity. 

(3) Good chemical properties, for example, resistance to corrosion 
and protection for the base metal upon which the bright deposit is made. 

(4) A good undercoat for chromium Which would increase the throw¬ 
ing power of the solution now in use, so that more uniform deposits 
could be made than those obtaining m present practice with polished 
or dull deposits. 

In addition, the composition of the solution should be such 
as admits of relatively easy and exact chemical control, and the 
solution should preferably be capable of operation at current 
densities exceeding those already in use. Good throwing 
power would be an added qualification. 

While this does not exhaust the list of desirable features of 
such a solution it suffices to emphasize the importance of the 
subject in progressive nickel plating. 

The Schlotter Solution. In numerous earlier attempts at 
bright nickel plating a measure of brightness was from time 
to time obtained with, however, only very moderate thickness, 
not more than mere flashing. Generally, all deposits must 
start bright inasmuch as they start with thin layers of only 
a few atoms thick. A s deposition proceeds these atoms build 
up as large crystals and a surface made up from such crystals 
effects the scattering of the light which falls upon them. The 
object with bright plating will therefore be very considerably 
to limit the size of the crystals which, very closely packed 
together in the deposit, produce a relatively smooth surface 
from which light is in a very large measure reflected, producing 
brightness. Schlotter contends that for this to take place, the 
crystal size must be kept down to a ten-thousandth of a milli¬ 
metre or one two-hundred-thousandth part of an inch. 
Reduction of crystal size is effected by the co-deposition of 
colloids and these again were formerly of large molecular 
weight which, while hindering crystal growth, were in them¬ 
selves still too large molecularly to achieve the best results. 
Now the tendency is towards the use of additions of smaller 
molecular weight. Thus in the Schlotter patents one of the 
original compositions of the solution was as follows— 

Nickel sulphate ..... 160 gin. 

Nickel benzoldisulphonate . . . 30 

Boric acid . , . . 30 ,, 

Water . . . . . to 1 litre 

the solution being adjusted to a pH of 2*5 to 4*6. 
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With this or a similar solution, the claim was made for the 
production and retention of brightness with quite thick 
deposits, the size of the crystal structure being determined 
by X-ray analysis. 

In a more modern form, a Schlotter solution contains— 


Nickel sulphate ..... 175 gin. 

Nickel chloride . . 85 ,, 

Boric acid . . . . . 20 ,, 

Sodium naphthalene trisulphonate . 35 ,, 

Water ..... to 1 litre 


The method for determining the addition agent is given 
later and necessitates some careful analysis, well, however, 
within the range of any analytical chemist. 

The unusually large amount of nickel chloride would seem 
to be unnecessary and experiments indicate that it could with 
advantage be reduced. 

The permissible current density with the maintenance of 
brightness exceeds that of the usual dull nickel solutions and 
very satisfactory work has been done with this type of solution. 

As with most solution formulae, there is the possibility of 
some variation in composition, and in more commercial work 
it is possible to make the needful additions of brightening 
agent in the form of a mixture with nickel salts. 

The Hinrichsen Solution. In this country, however, con¬ 
siderable progress has been made with a solution of the 
following type introduced by Hinrichsen.* 

This contains— 

Nickel sulphate ..... 240 grin, per litre 

Cobalt sulphate . .15 „ 

Boric acid ...... 30 ,, 

Nickel chloride . .45 ,, 

Sodium formate ..... 35 ,, 

The solution is worked with nickel anodes with periodical 
additions of cobalt sulphate and sodium formate as deter¬ 
mined by analysis. These additions can, however, be regulated 
by a knowledge of the ampere-hours passed through the solu¬ 
tion and registered by an ampere-hour meter. 

The solution is worked at a temperature of 135° F. and a 
pH of 4*5. Current densities of from 40 to 80 amperes per 
sq. ft. are easily attained, and the deposit and solution meet 
all the requirements previously set out. 

* Brit. Pat. No. 461126, 1937. 
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A consideration of the process would lead to the suggestion 
of the accumulation of nickel in the solution when nickel 
anodes are used and additions of cobalt sulphate made. 
Experience has, however, shown that with the usual propor¬ 
tion of cobalt in the alloy deposit the accumulation of nickel 
sulphate is approximately equal to that of the cobalt sulphate 
addition, and is almost exactly counterbalanced by the loss by 
drag-out so that there is no undue accumulation of the nickel 
salt. 

The possibility of using a cobalt-nickel alloy anode does not 
seem to call for consideration in view of the easy regulation of 
the composition of the cobalt content by the addition of 
cobalt sulphate. It must, however, be said that solutions of 
these special types need more care in their control than do 
those of the more ordinary types. 

The success which this solution has achieved is sufficient 
"to justify the claim that the problem of bright nickel has been 
satisfactorily solved without suggesting that there is no pos¬ 
sibility of further progress. 

Where numerous small parts are being treated and necessi¬ 
tate wiring, the saving of time can be easily imagined. Alloy 
deposition is well known to conduce to smaller crystal growth, 
and, with it, greater lustre. The deposit is advantageously 
whiter than nickel and less attacked by corrosive media. 

Analysis of Nickel Plating Solutions 

The following constituents are frequently required to be 
determined and controlled: nickel salts, ammonium com¬ 
pounds, chlorides, boric acid, and the pH. The determination 
of the pH is dealt with elsewhere (page 125). 

In the following analysis and the calculations based thereon, 
as also in many other examples in which a high degree of 
accuracy is not required, some approximations are made, such 
for example as the adoption of 59 as the atomic weight of 
nickel in place of the more accurate figure of 58-6. These 
unimportant approximations are done solely with a view to 
simplifying calculations. Seeming slight discrepancies between 
these and figures in many analytical treatises are thus to be 
accounted for. 

Estimation of Chlorides . For this purpose N/10 AgN0 3 is 
required. Take 10 c.c. of the plating solution. Dilute with 
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distilled water. Add two drops of a neutral solution of potas¬ 
sium chromate giving a pale yellowish green colour. Run in 
the silver nitrate a little at a time with gentle shaking. Silver 
chloride is pptd. and when this is complete the next drop of 
AgN0 3 gives a red colour with K 2 Cr0 4 due to the formation of 
Ag 2 Cr0 4 . This marks the end of the titration. 

Then 

Nad i AgNOg - AgCl NaNO, 

58 *5 170 

from which it will be seen that 1 c.c. N/10 AgNO s == 0*00585 
gm. NaCl. The calculation is simple. Assuming, however, 
that the only chloride present is that of nickel, then— 

2NaCl - NiClo.OHoO 
117 238 

from whicli— 

1 c.c. N/10 AgNO., 0*0119 gm. NiCU.OHgO 

Hence— 

Titration readings (c.c.) 0*585 — g n. NaCI per litre 

and 

Titration readings (c.c.) X 1*19 = gm. NiCl 2 .0H 2 O per litre 

In the stronger nickel solutions this change of colour may 
be less conspicuous. Concurrently, the curdy and white AgOI 
ppt. becomes pink by the absorption of the Ag 2 0r0 4 and, at 
the same time, breaks down to the granular or even powdered 
form. 

Estimation of Nickel: (1) Cyanometric Method. This is based 
on the conversion of the nickel salt into the double cyanide 
as follows— 

XiS0 4 + 4NaCN = Ni(CN) 2 .2NaCN + Na 2 SU 4 
Solutions required are (1) N/10 AgN() 3 , and (2) a solution of 
sodium cyanide of approximately the same normality. In the 
titration of silver nitrate and cyanide the following reaction 
occurs— 

AgNOg f 2NaCN --- AgCN.NaCN f NaNO, 

170 2 x 49 

so that deci-normal sodium cyanide contains 9*8 gm. NaCN 
per litre. No sample of the cyanide would be sufficiently pure 
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to make up the solution directly. An approximate solution is 
made by dissolving from 10 to 11 gm. of good sodium cyanide 
in water and making up to one litre. This is standardized 
against the N/10 AgN0 3 . To do this take 10 c.c. NaCN solu¬ 
tion and dilute considerably with water. Add a few drops of 
KI and warm. Run in the silver nitrate solution from a burette 
until there is the first permanent turbidity. If the sodium 
cyanide is stronger than N/10, the c.e. of silver nitrate will 
exceed 10. Assume the figure to be Il f). The NaCN solution 
is now diluted by the addition of 1-5 c.c. water to each 10 c.c. 
NaCN, which will bring it down to N/10 and therefore exactly 
equivalent (c.c. for c.c.) to the silver nitrate. 

Now the addition of NaCN to nickel solution first produces a 
greenish yellow ppt. of nickel cyanide which dissolves in 
excess of NaCN to form the soluble double cyanide. This 
solution of the ppt. cannot, however, be carried out with volu¬ 
metric exactitude. The procedure therefore is to add an excess 
of the standard NaCN and titrate back the excess with AgN0 3 . 

To make the test, dilute the nickel solution to one-tenth of 
its original strength. Take 10 c.c. of the dilute solution (= 1 
c.c. original solution). Add standard NaCN, 10 c.c. at a time, 
until the ppt. first formed redissolves, forming a yellow solution. 
Note c.c. NaCN added. Dilute, warm, add a few drops KI 
solution and titrate with N/10 AgN0 3 to produce the first per¬ 
manent turbidity. Note c.c. AgN0 3 added. Typical figures 
are— 

Dilute nickel solution = 10 c.c. 

N/10 NaCN = 20 c.c. 

N/10 AgN0 3 — 5 c.c. 

Hence c.c. NaCN for reaction with nickel salt -- 20 — 5 


= 15. 



Now 

AgN0 3 

=2NaCN 


4 NaCN 

a NiS0 4 .7H 2 0 

Hence 

2AgNO s 

s NiS0 4 .7H 2 0 


2 x 170 

281 


from which it will be seen that 

1 c.c. N/10 NaCN ^ 0 01405 gm. single nickel 
salts. 
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Hence one litre of the nickel solution contains— 

15 X 0*01405- X 1,000 = 211 gm. single nickel salt 
Alternative Method. A variant of this method is that of the 
direct titration of the nickel solution with a standard potassium 
or sodium cyanide solution. For this purpose a standard KCN 
solution is made so that it contains 32*5 grams KCN per litre. 
This necessitates making a solution somewhat stronger, 
titrating with N/10 AgN0 3 and diluting to obtain the exact 
strength. Bksed on the reaction— 

AgN0 3 + 2KCN = AgCN . KCN + KNO a 
170 130 

a decinormal KCN contains 13 gm. KCN per litre. The 
solution now required will be 2*5 times as strong and 10 c.c. 
will require 25 c.c. N/10 AgN0 3 to carry out the above 
reaction. 

The nickehsolutloix is diluted to one tenth of its strength 
and 25 c.c. taken. Nickel solutions may contain small amounts 
of acid and this is neutralized using methyl red as the indicator. 
The neutral solution is then titrated with the standard KCN 
from a burette until the ppt. first formed is just redissolved. 
The reaction is quite sharp, one last drop of KCN solution 
serving to remove the last trace of cloudiness to produce a 
clear yellow solution. 

The nickel content of the solution is then given by the 
formula— 

Ni (oz. per gal.) = *47 (c.c. KCN — *05) 

It is, however, just as well to know how these figures are 
obtained. First then the *05 allows for the unavoidable excess 
to clear the solution. Next, as 

Ni - 4KCN 
59 260 

OO.Pi FCQ 

Hence 1 c.c. KCN = X ^ = *007375 gm. Ni. 

10UU 4£l)0 

In the test we have taken 25 c.c. dilute solution which 
contains 2*5 c.c. of the original strength. Hence each c.c. 
KCN used represents *007375 gram of nickel in 2*5 c.c. solu¬ 
tion. Expressing this in terms of ounces per gallon We have— 
*007375 w 4540 (c.c./gal.) 

"2-5 X 28-4 (gm./oz.) ~ 47 
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(2) Dimethylglyoxime Method . A gravimetric method is 
based on the use of a reagent called dimethylglyoxime of 
which the formula is C 4 H 8 N 2 0 2 . Even in the most dilute 
solutions nickel salts give with this reagent a characteristic 
red ppt. of nickel dimethylglyoxime [Ni(C 4 H 7 N 2 0 2 ) 2 ] which 
is quantitatively formed even in the presence of any other 
metal. The method is therefore useful for the determination 
of nickel in the bright plating solutions containing cobalt 
sulphate from which it can be precipitated without co-precipit- 
ation of cobalt. Carried out carefully the method is capable 
of great accuracy but involves more time and work than the 
cyanometric method. 

The dimethylglyoxime solution is made up to 1 per cent of 
the reagent in alcohol and the process carried out as follows— 

10 c.c. of the plating solution is taken and diluted to 100 c.c. 

10 c.c. of the diluted solution (equivalent to 1 c.c. of the 
original solution) is transferred to a 600 c.c. beaker and diluted 
to 400 c.c. with distilled water. About 3-5 gm. of tartaric 
acid is added to prevent the ppt. of any iron present with the 
subsequent addition of ammonia and the solution heated to 
80° C. Now add 100 c.c. of the dimethylglyoxime solution 
and sufficient ammonia solution to make the mixture just 
alkaline. Boil for a short time and allow to stand in a warm 
place for half an hour. The ppt. is now filtered off in a weighed 
Gooch crucible, and after washing with hot distilled water, is 
dried at 110-120° C. It is now weighed and reheated to the 
same temperature until a constant weight is obtained with 
two successive weighings to ensure complete freedom from 
moisture. From the formula of this red ppt. it will be seen 
that it contains 20*31 per cent of its weight of nickel. 

Example— 

1 c.c. of the original solution gave -217 gm. ppt. 
Hence— 

gm. NiS0 4 .7H 2 0 per litre 

•217 X 20-31 X 281 X 1000 
“ 100 X 59 

= 210 gm./litre 

This method of analysis determines the whole of the nickel 
content of a solution expressed as nickel sulphate. Where 
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nickel chloride is present the amount determined from the 
chloride test is recalculated as nickel sulphate thus— 

NiCl a . 6H a O s NiS0 4 .7H a O 
238 281 

and deducted from the total amount of nickel sulphate as 
determined by the dime thy lglyoxime test. Alternatively and 
more simply, the weight of nickel ppt. from 1 c.c. of solution 
multiplied by 203*1 gives the gm. of nickel per litre. 

For general purposes, however, the volumetric (or oyano- 
metric) method is to be preferred. 

Estimation of Ammonium Compounds. These occur in 
nickel solution by the use of double nickel salts or by the 
addition of ammonium chloride as a conducting or anode- 
corroding agent. In whatever form they may have been intro¬ 
duced, it is impossible to determine subsequently the manner 
of their introduction owing to the ionization of all the com¬ 
pounds in the solution. The usual procedure therefore is to 
determine the amount of ammonia which can be extracted 
from the solution, and then express it either as the sulphate 
or as double nickel salts or ammonium chloride according to 
knowledge of the original formula from which the solution was 
made up and later additions. This usually suffices and is, as a 
matter of fact, all that can be done. The allocation of the basic 
and acidic radicals is not a matter of great importance. 

The estimation of ammonia is based on the following reac¬ 
tions— 

(1) All ammonium compounds are decomposed on boiling 
with alkalis— 

(NH 4 ) a S0 4 + 2NaOH = 2NH 3 + Na a S0 4 + 211,0 
132 34 

The ammonia is collected in a known quantity of standard 
acid, and from the un-neutralized portion the amount of 
ammonia absorbed is calculated. 

(2) The nickel compounds will be completely pptd. as niokel 
hydroxide and will not interfere with the evolution of the 
ammonia. 

(3) The apparatus will include a flask for boiling off the 
ammonia and a condenser and receiver containing the standard 
acid. A standard alkali will also be required to determine the 
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excess of acid. Semi-normal acid and alkali are suitable for 
the purpose. 

An estimate of a suitable quantity of nickel solution 
must first be made in order to keep the quantities within 
reasonable limits. Introduce this into flask A (Fig. 85) and add 
excess of caustic soda of which 
the quantity and strength 
need not be known. The pre¬ 
determined quantity of semi- 
normal KjSC^ is added to the 
receiver B, the last portion 
being allowed to flow through 
the tube G containing broken 
glass or glass beads. Also 
add a few drops of methyl 
orange to C . This serves as a 
check against loss of ammonia 
by lack of sufficient acid for 
absorption. To ensure ease of 

boiling Without “bumping,” Flo 85 Estimation of Ammonia 
a few heavy pieces of broken 

glass are added to flask A, the contents of which are now 
boiled until one-third to one-half of the contents have distilled 
over. By this time the whole of the ammonia should have 
gone over. The contents of G are washed into B which will 
show a red colour due to excess of acid. This is now titrated 
back with semi-normal alkali. 

Data and calculation— 

Nickel solution taken = 25 c.c. 

N/2 acid = 50 c.c. 

N/2 alkali used = 31 c.c. 

Now 1 c.c. N/2 acid = 0 0245 gm. H 2 S0 4 

34 

0 0245 X — = 0*0085 gm. NH S 
98 

Hence 50— 31 = 19 c.c. N/2 acid 

= 0*0085 x 19 
= 0*1615 gm. NH S 
Hence 25 c.c. Ni solution contain 0*1615 gm. NH # 
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2NH 3 s (NH 4 ) 2 S0 4 
34 132 


= NiS0 4 .(NH 4 ) 2 S0 4 .6H 2 0 
395 


Hence 1,000 c.c. Ni solution contain 


1,000 

25 


X 01615 x 


132 

34 


- 25-1 gm. (NH 4 ) 2 S0 4 


or 


1 ,000 

25 


01615 

X- i X 


395 

34' 


75 gm. double nickel salts 


Estimation of Iron Compounds. As a common impurity in 
nickel plating solutions iron may be determined in the same 
manner as in the acid copper bath (see page 226). Take 
50 c.c. of the plating solution and warm with a few drops of 
cone. HN0 3 to oxidize ferrous compounds into the ferric 
form. Dilute to about 150 c.c. and add an excess of NH 4 OH. 
Both iron and nickel compounds are affected by this addition 
but nickel compounds remain in solution as complex com¬ 
pounds while the iron is pptd. as ferric hydroxide. This is 
filtered, well washed with hot water, dried and ignited to 

Fe 2 0 3 . 

Then Fe 2 G 3 = 2FeS0 4 .7H 2 0 

160 5= 2 x 278 

Hence— 

556 

Wt. Fe 2 0 3 X 20 X ™ = gm. ferrous sulphate per litre 
luO 

A greater degree of accuracy is obtained by dissolving the 
ferric hydroxide ppt. (after some washing) in warm dil. HC1 
and reprecipitating with ammonia. 

Estimation of Sodium Formate. The principle of this estima¬ 
tion can be simply stated. In acid or neutral solution sodium 
formate (H.C00Na.H 2 0) is oxidized as follows— 

H.COONa.H 2 0 + O + H 2 S0 4 = NaHS0 4 + C0 2 + 2H a O 
Oxalic acid (H 2 C 2 0 4 .2H 2 0) is similarly oxidized— 

H 2 C 2 0 4 .2H 2 0 + O = 2CO a + 3H 2 0 
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Potassium permanganate (KMn0 4 ) usually provides the 
oxygen— 

2KMn0 4 + 4H 2 S0 4 = 2KHS0 4 + 2MnS0 4 + 3H 2 0 + 50 
Hence— 

2KMn0 4 = 5(H 2 C 2 0 4 .2H 2 0) == 5H.C00Na.H 2 0 
316 630 430 

A decinormal solution of oxalic acid contains 6-3 grams of 
the crystalline acid per litre, while one of potassium perman¬ 
ganate contains 3*16 gm. per litre. The former compound is 
usually bought in a reliably pure form and made up to deci¬ 
normal strength by weighing and accurate measurement, 
while potassium permanganate solutions are made up to 
approximate strength only and ultimately standardized 
against the accurately prepared oxalic acid. 

Prepare an N/10 oxalic acid solution by dissolving 6*3 gm. 
of the pure crystallized acid in water and making up to a litre. 
KMn0 4 solution is now made by completely dissolving from 
3-25 to 3*5 grams of the salt and making up the solution to 
one litre. 

Standardization of the KMn0 4 is done by taking 10 c.c. of 
the oxalic acid solution into a flask, diluting somewhat and 
adding dilute sulphuric acid. The solution is warmed to about 
60° C. and a little of the KMn0 4 solution added from a 
burette. The KMn0 4 should immediately be decolorized. If 
not, the solution is not warm enough. Heat a little further 
and continue the addition of permanganate until there is the 
first trace of permanent violet colour. Repeat the titration 
for the sake of a more accurate figure. Let the average of 
several titrations be 9*5 c.c. KMn0 4 which is therefore some¬ 
what stronger than the N/10 oxalic acid and therefore requires 
dilution by adding 5 c.c. of water to every 95 c.c. of KMn0 4 . 
Do this and make a further titration to check the accurate 
balance of the two solutions. Then— 

1 c.c. N/10 KMn0 4 = -0063 gm. H 2 C 2 0 4 .2H 2 0 
== 0043 gm. H.C00Na.H 2 0 

For the analysis take 10 c.c. of the bright nickel solution 
and dilute to 100 c.c. Take out 20 c.c. of the diluted solution 
(= 2 c.c. of the original solution) and from a burette carefully 
add about 30 c.c. of the permanganate solution. Warm the 

i r—(T.5646) 
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mixture to boiling point. Cool and add an excess of dilute 
sulphuric acid. There is an excess of KMn0 4 some of which 
is now in the form of a brown manganese hydrate ppt. This 
is removed by the addition of a known excess of oxalic acid 
solution. For this purpose add 20 c.c. oxalic acid solution. 
The brown ppt. and violet colour disappear and there is now 
present an excess of oxalic acid. Titrate this with a further 
quantity of KMn0 4 from the same burette and note the total 
quantity of KMn0 4 used. 

Example— 

Total KMn0 4 soln. used = 37*1 c.c. 

Oxalic acid soln. used = 20-0 ,, 

Then 

KMn0 4 soln. used for the oxidation of 

sodium formate =17*1 „ 

Hence 

tj tj . 17 1 X 0043 X 1000 

H.COONa.H 2 0 present =-- --- 

= 29 gm./litre 

or c.c. KMn0 4 X 2-15 = gm./litre sodium formate crystals 

This analysis is one of easy manipulation and gives con¬ 
sistently good results. 

Estimation of Cobalt Sulphate. This analysis calls for some 
accurate work involving the use of a special reagent called 
a nitroso-/? naphthol. This reagent is obtainable from the 
usual chemical supply houses and is dissolved to form a 2 per 
cent solution in acetic acid of 75 per cent strength. 

For the analysis, 10 c.c. of the solution is taken and diluted 
to 100 c.c. From this solution 50 c.c. is taken (equivalent to 
5 c.c. ©f the original solution) and further diluted to 100 c.c. 
with distilled water. The solution is acidified with HC1 and 
brought nearly to boiling. 50 c.c. of the special reagent 
solution is added and the mixture kept boiling for 10 minutes. 
It is now allowed to stand for one hour and filtered, the ppt. 
being washed first with hot water? then with 12 per cent HC1 
until the washings are nearly clear, and finally with hot 
distilled water. The ppt. is now dried and ignited stfongly, 
when it is transformed into cobalt oxide Co 8 0 4 . 



DEPOSITION OF NICKEL 


313 


Example— 

5 c.c. of solution gave *021 gm. Co 3 0 4 
Now Co 3 0 4 == 3 (CoS0 4 .7H 2 0) 

177 843 

Hence 


CoS0 4 .7H 2 0 = .9_ 21 X ^ 3 X 1000 
* L 177 X 5 


14*7 gm. per litre 


Volumetric Estimation of Cobalt. The gravimetric estima¬ 
tion of cobalt just described involves some careful work and 
is not altogether susceptible of easy accuracy. There is always 
some tendency for the co-precipitation of nickel. This can to 
some extent be guarded against by dissolving the ignited 
cobalt oxide in hydrochloric acid diluting and making the 
solution slightly alkaline and adding a solution of dimethyl- 
glyoxime. A red ppt. indicates the presence of nickel which, 
if in sufficient quantity, can be filtered off, followed by the 
re-determination of cobalt in the filtrate. This is a somewhat 
tedious operation. An alternative volumetric method is free 
from such nickel contamination. 

The method is based on the oxidation of the cobalt com¬ 
pounds with sodium perborate in an alkaline medium when a 
subsequent reaction with potassium iodide releases iodine in 
proportion to the cobalt present. 

The analysis is carried out by taking 10 c.c. of solution into 
a flask of at least 250 c.c. capacity. It is diluted to 100 c.c. 
with distilled water and 7 c.c. of 20 per cent sulphuric acid 
added. About 5 gm. of sodium perborate is added when a 
ppt. appears which afterwards clears. Sodium hydroxide is 
now added to render the mixture alkaline, when it is boiled 
for about 15 minutes. During this process there is a green 
ppt. of nickel hydroxide. The solution is cooled to room 
temperature and about 5 gm. of potassium iodide added, 
followed by 25 c.c. of sulphuric acid of the same strength as 
that previously added. This dissolves up the nickel hydroxide 
leaving the solution with a brown colour due to liberated 
iodine. To express the reaction in equation form it will 
suffice to show the oxidized cobalt compound as Co 2 0 3 which 
reacts with KI as follows— 

H 2 0 + Co 2 0 3 + 2KI = 2CoO + I 2 + 2KOH 
Hence 2Co *= 21 

59 127 
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The brown solution of iodine is now titrated with decinormal 
sodium thiosulphate of which— 

1 c.c. = *0127 gm. I — *0059 gm. cobalt. 

Hence each c.c. of “thio” per IQ c.c. of plating solution 
represents— 

•0059 X 1000 X 281 0 n rk/r , 

—- 10 x 59 ~- = 2-81 gm - CoS0 4 • 7H,0/htre 

2-81 X 4-54 

or -- = *45 oz. per gallon. 

The technique of this method is easily acquired and repeated 
tests carried out on exactly similar lines serve to give compar¬ 
able results as we are usually concerned with slight changes 
of composition from the original formula in order to ascertain 
needful additions to maintain original strength. 

Alternative Method for Nickel-cobalt Bath. Take the equiva¬ 
lent of 1 c.c. of the bath and dilute to 100 c.c. Add small 
quantities of ammonium chloride, sodium pyrophosphate and 
potassium iodide. Fill a burette with potassium or sodium 
cyanide solution prepared and standardized to contain 27-54 
gm. of KCN or 20*74 gm. of NaCN per litre. Add a small 
volume of ammonia to the test solution so that it smells 
faintly of the gas. Run in cyanide solution from the burette 
until the ppt. first formed—single cyanides—just disappears 
yielding a clear yellow solution. This can be done with the 
precision of a single drop. Then 

c.c. cyanide == oz. nickel + cobalt/gallon. 

The amount of nickel is then obtained by deducting the cobalt 
obtained from one or other of the determinations described. 

This method is approximate to the extent that cobalt 
behaves a little differently from nickel when pptd. and 
redissolved by cyanide. This difference is not large and is 
measured on a relatively small content of cobalt. It can only 
amount to a much smaller error on the much larger nickel 
content. 

To check the strength of the standard cyanide solution used 
it will be seen that 


Ni s 4NaCN 
59 196 
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20*74 'iQ 

/. 1 c.c. NaCN = 1( ^ -000625 gm. Ni + Co 

4^40 

- *000625 x - 1 oz./gal. 

Determination of Boric Acid (Method 1 ). Pipette 5 c.c. of 
the nickel solution into a beaker and add 200 c.c. water. 
Add sufficient Na 2 C0 3 to completely ppt. the nickel (50 c.c. 
N/2 solution should suffice). Filter off the nickel hydroxide 
or basic carbonate ppt. by means of a filter pump, and 
thoroughly wash the ppt. To the solution, add methyl orange 
and sufficient N/2 HC1 to bring the solution to neutrality. Now 
add about 10 gm. of glycerine or mannitol and 1 c.c. of 0-5 
per cent phenolphthalein solution as indicator. The boric 
acid is now titrated with N /10 NaOH to produce a permanent 
pink or violet colour. At this stage, add a further quantity of 
3 gm. of glycerine or mannitol. If the pink colour disappears, 
continue the titration with the alkali to reproduce the colour. 

In the presence of glycerine or mannitol, the neutralization 
of boric acid with NaOH is as follows— 

H 3 BO 3 + NaOH = NaH 2 B0 3 + H 2 0 
62 40 

from which it is easily seen that 1 c.c. N/10 NaOH is equivalent 
to 0-0062 gm. boric acid. Further methods will now be 
described which, avoiding the tedious pptn. and filtration of 
nickel compound, are rapid and more serviceable for routine 
work. 

(Method 2.) The following rapid method is due to Longficld* 
who, as the result of some 3,000 tests, regards the method as 
accurate to within £ oz. per gallon. The test is carried out in a 
medium of glycerine which, as it usually contains traces of 
acid, is first neutralized with N /10 sodium hydroxide until 
phenolphthalein as an indicator just comes to a pink or violet 
colour. 

100 c.c. of this neutral glycerine is warmed to 150° F. 
( 66 ° C.) and 0-02 gm. of methyl red is added and dissolved in 
it. This constitutes the indicator for the test. 

* Mon. Rev. Amer. Electroplatere' Soc.. May. 1936. xxiu. No. 5. 
pp. 23-4. 
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Take 5 c.c. of the nickel-plating solution. Add 25 c.c. of 
neutral glycerine. Nickel solutions with a low pH introduce 
acidity which must now be removed. This is done by adding 
methyl orange and titrating with N /10 sodium hydroxide. 
For nickel solutions with a pH between 5 and 6 this would 
appear to be unnecessary. 

For the actual titration for boric acid, it is convenient to 
have a glazed plate provided with a number of depressions or 
small cups. Into these cups small quantities of 5 drops each 
of the indicator are placed. The glycerine and nickel solution 
mixture is now titrated with N/10 sodium hydroxide testing 
drops of the solution by stirring with the indicator in the cups. 
The presence of boric acid gives rise to a red colour to the in¬ 
dicator and the titration is continued until the mixture of 
solution with the indicator produces only an orange colour. 
The fading of the red colour is readily observed. The exactly 
required orange colour may not be so easily determined, but 
this difficulty can be got over by noting the quantities of 
sodium hydroxide added for successive shades of colour as a 
yellow colour indicates an excess of alkali. In the record of 
this test the following note then appears: “ Since 6 c.c. of the 
N /10 sodium hydroxide solution equals 1 oz. boric acid per 
gallon, the number of c.c. used in the titration divided by six 
will give the ounces per gallon of boric acid in the nickel- 
plating solution.” This note calls for some explanation. Now 
boric acid titrates with NaOH in the presence of glycerine 
according to the following equation— 

NaOH + H.HjBOg = NaH 2 B0 3 + H 2 0 
40 62 

Now 1 c.c. N/10 NaOH = 0 0040 gm. NaOH 
= 0-0062 gm. H 3 BO 3 

Suppose in the titration of 5 c.c. nickel solution we used 
5 c.c. N/10 NaOH. Then the following simple calculation gives 
the boric acid in ounces per gallon— 

5 X 0-0062 4540 

5 X 28-4 “ ‘ 

Hence dividing the c.c. N /10 NaOH per 5 c.c. nickel solution by 
5 gives the ounces of boric acid per gallon. The quotation given 
above is American and refers to the American gallon, which is 
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five-sixths of the Imperial gallon. A little thought will show 
the reason for the figure of 6 c.c. in the quotation, which is 
correct for the American gallon, while the figure of 5 applies for 
the Imperial gallon. In other words, each c.c. N/10 NaOH per 
5 c.c. nickel solution represents one-fifth of an ounce of boric 
acid per gallon. 

The method has the advantage of speed and simplicity, and 
the accuracy to j oz. per gallon is all that can be required for 
most purposes. 

(Method 3.) This also avoids the need for the separation of 
the nickel compound and also gives a sharp end point. It 
utilizes a test reagent made up in the following manner: 
Dissolve 60 gm. of sodium citrate in 400 c.c. distilled water 
and add 600 c.c. of pure glycerine. Thoroughly mix by shaking, 
and add 0*2 gm. of phenolphthalein dissolved in 10 c.c. 
alcohol. Now add from a burette sufficient N/10 NaOH to 
produce a faint violet colour. This quantity of reagent will 
suffice for about 40 boric acid determinations. 

To make the test, take 1 c.c. of the nickel solution which 
has been brought to a neutral condition by the addition of 
either acid or alkali, both of which will need to be of only 
deci-normal strength. To this add 25 c.c. of the test reagent 
solution, and titrate again with N/10 NaOH till the green 
colour changes to blue (compounded by the green of the solu¬ 
tion and violet of the phenolphthalein now made slightly 
alkaline). This end point is sharp. Let v = c.c. N/10 NaOH 
added. 

Now 1 c.c. N/10 NaOH = 0 0062 gm. boric acid 
Hence boric acid in the nickel solution 

= v X 0*0062 X 1,000 gm. per litre 
which can be quickly converted into oz. per gal. 

This method of quickly estimating the boric acid may 
follow that of the estimation of nickel given on page 306. 
After the cyanide titration for nickel, remove alkalinity by 
titrating with -IN . H 2 S0 4 using methyl red as indicator. 
Then add 10 to 25 c.c. of neutral glycerine. Add a few drops 
of phenolphthalein as indicator and titrate with -IN . NaOH 
to the first permanent trace of violet colour. Call the volume 
of -IN . NaOH used b c.c. Then 

H 3 B0 3 = *40 X 6 oz. per gallon 
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This formula again requires explanation. The neutralization 
of boric acid follows the course 

H 3 BO 3 + NaOH = NaH 2 B0 3 -b H 2 0 
62 40 

So that 1 c.c. -IN . NaOH = 0062 gm. H 3 B0 3 
and 1 c.c. -IN . NaOH per 2-5 c.c. solution represents 
•0062 x 4540 . „ „ 

2-5 x '284~ = ’ 4 ° Z ' HaB ° 3 per ga,lon 

Estimation of Sodium Naphthalene Trisulphonate. This 
reagent is the one most commonly used in the Schlotter 
solutions for bright nickel. Its formula is 

^ 10 ^ 5 (®^ 3-^ a )3 

Mol. Wt. = 434 

By oxidation with sodium peroxide the carbon and hydrogen 
are burnt off and the remainder converted to sodium sulphate. 
The estimation follows these lines and is carried out as 
follows— 

Take 2 c.c. of the plating solution. Evaporate to dryness 
in a nickel crucible on a water bath. Dry over a small flame 
without spitting. Cool. Add about 5 gm. of sodium peroxide. 
Place lid on the crucible and gently raise the temperature to 
fusion. During the process the trisulphonate is oxidized to 
sulphate and some of the nickel compound is converted to 
oxide. Continue heating until the “melt” is quiet. Cool. 
Transfer crucible and lid to a beaker and cover with about 
100 c.c. of distilled water gently adding a little strong HC1 to 
dissolve the nickel oxide. Remove, with rinsing, the crucible 
and lid. The solution is now clear and contains an excess of 
HC1. Heat to boiling and add an excess of hot BaCl 2 . Boil 
for some minutes and allow to settle. Filter through a good 
filter of known or negligible ash, washing with hot water 
until the washings do not respond to the chloride test with 
silver nitrate. Dry and ignite the ppt. of BaS0 4 in a porcelain 
crucible. Weigh to get the weight of BaS0 4 after allowing 
for any filter ash. 

Make a smilar test with 2 c.c. of the solution without the 
preliminary ignition with sodium peroxide, treating with 
HC1 and BaCl 2 and filtering the BaS0 4 and weighing in the 
usual manner. This give* the BaS0 4 due to the metal sulphates 
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in the solution. The amount is less than after ignition with 
sodium peroxide, the difference being due to the sulphonic 
compound. 

Then 

Excess BaS0 4 (in first test) x -62 x 1000 
2 

= grams sodium naphthalene trisulphonate per litre. 

The factor *62 is obtained as follows— 

Ci 0 H 5 (SO 3 Na) 3 = 3BaS0 4 
434 699 

434 

1 gram BaS0 4 — = -62 gm. sulphonate compound. 
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DEPOSITION OF ZINC 

Introduction —Electro-zincing—The sulphate solution—Anodes— 
Operating conditions—Rate of deposition—Throwing power— 
Addition agents—-The chloride solution—The alkaline solution— 
Operating conditions—Additions to the solution—Preparation of 
work—Comparison of “acid” and “alkaline” zinc deposits— 
Deposition of zinc on aluminium—General observations on zinc 
deposits—Testing zinc deposits—Analysis of solutions 


Introduction. Zinc in industry finds its widest application 
as a protective coating for large quantities of iron and steel. 
The zinc is applied by three methods. In hot galvanizing, the 
iron and steel is cleaned and passed through a bath of molt n 
zinc. A substantial coating is thus applied. Though widely 
used, the process fails for some purposes, in that the deposit 
is uneven and in some parts distinctly lumpy. It, moreover, 
necessitates the article being raised to a temperature of at 
least 460° C., not always desirable. 

Cold galvanizing, or electrodeposition, has the advantages 
of being carried out at the ordinary temperature, the produc¬ 
tion of a more uniform deposit, the avoidance of the need 
for cleaning the threads of screws, etc., with that of bsing 
able to put on any desired thickness of deposited metal. 

Sherardizing is a method of applying zinc to iron and steel 
by imbedding the cleaned metal in zinc powder and raising 
the temperature to about 300° C., well below the melting 
point of zinc. The coating is uniform, the temperature 
definitely lower than that in hot galvanizing, and the process 
is being increasingly applied. 

Electro-Zincing. The electrodeposition of zinc is easily 
accomplished, two solutions being largely used for this purpose. 
In the so-called “acid solution,” zinc sulphate is the main 
constituent, while the “cyanide” solution is of a composition 
somewhat similar to that of the cyanide copper solution. 
Each of these solutions has its definite field of application. 
The deposit from the sulphate is brighter than that from the 
cyanide, but the latter solution- throws far better. In the 
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“acid” solution there is some discrimination as to the anode 
impurities which pass into the electrolyte, and are subse¬ 
quently deposited on the cathode. In the cyanide solution 
most metals readily pass into the solution and are deposited 
from it. For resistance to corrosion the deposit needs to be 
as pure as possible. Zinc anodes of a high order of purity can 
easily be obtained, but if any difference is permissible, anodes 
in the cyanide solution should be rather purer than those for 
the sulphate solution. Further, the sulphate solution is un¬ 
suitable for cast iron, and this is probably due to the tendency 
to the deposition of hydrogen on the impurities of the cast 
iron. 

The Sulphate Solution. This may be constituted as follows— 


Zinc sulphate 

31b. 

300 gm. 

Common salt 

2 oz. 

13 „ 

Boric acid 

3 „ 

20 „ 

Aluminiun sulphate 

4 „ 

26 „ 

Dextrine . 

2 

13 „ 

Water 

1 gal. 

1 litre 


While this composition is not of a simple type, each con¬ 
stituent has its particular function. The zinc compound sup¬ 
plies the metal to be deposited. Common salt contributes to 
conductance. Boric acid controls acidity, while aluminium 
sulphate and dextrine function as addition agents, improving 
the physical character of the deposit. 

These solutions must be on the slightly acid side. Without 
acid there is a marked tendency to the production of basic 
salts with the formation of spongy deposits. This was one of 
the early troubles with zinc deposition, before the degree of 
acidity had been definitely determined and controlled. 

Further, in the presence of too much acid the zinc anodes 
containing, as they are bound to, some impurities, are cor¬ 
roded, though this increases the content of zinc in the bath 
and lowers the acidity. 

On the other hand, if the acidity is low there will be some 
possibility of incompletely soluble anodes giving rise to acid 
production, as it does in the nickel bath. It would, therefore, 
appear that the acidity is not likely to increase alarmingly. 
Usually it stands between 1*5 and 3 on the usual pH scale, 
far more than in the case of nickel, and this may be equal to 
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2 to 5 gm. of free acid per litre. In such a solution both 
anode and cathode efficiencies are nearly 100 per cent, and 
the solution, therefore, persists over prolonged periods of 
operation. 

An alternative solution is that containing— 

Zinc sulphate 1^ lb. 150 gm. 

Sodium acetate . 6 oz. 40 ,, 

Water .1 gal. I litre 

To this and other solutions, addition agents proposed include 
gum arabic, glucose, beta-naphthol, and gum tragacanth. 
With small additions of these, amounting to not more than 
about 1 gm. per litre a current density of up to 30 amperes 
per sq. ft. may be used, this sufficing to produce a deposit of 
0*0005 in. in a quarter of an hour, this thickness being con¬ 
sidered sufficient to give normal protection against corrosion. 

Anodes. These should be of cast metal and as pure as 
possible. Impurities, if they do no worse, lead to excessive 
anode corrosion. Accumulating in the solution, they are 
likely to cause trouble in subsequent deposition. 

Operating Conditions. At normal temperature the solution 
may be used with a P.D. of 2 to 2*5 volts, giving a current 
density of 10 amperes per sq. ft. This C.D. may be markedly 
increased without impairing the character of the deposit, and 
a little experimenting on the part of the operator will soon 
show the range of C.D. which can be used with safety. It is a 
simple matter to do this with a small bulk of solution. In 
fact it is up to the operator to trace the value of the con¬ 
stituents of the bath by working similar solutions without 
each of the constituents in turn. 

Bate of Deposition. The following figures are of interest 
regarding the weight, thickness, and other properties of the 
deposit. 

One ampere-hour is responsible for the deposition of 1*22 
gm. of zinc. Allowing for slight cathode inefficiency this 
figure may safely be taken as 1*2 gm. Ten ampere-hours 
per sq. ft. represents a thickness of 0*66 mil, and this will, 
therefore, be the thickness obtained in half an hour if the C.D. 
can, by agitation, be pushed up to 20 amperes per sq. ft. Other 
similar figures can be calculated and are embodied in Tables 
LXl and LXTI. 
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TABLE LXI 

Thickness op Zinc Deposits from Sulphate Bath 
Current efficiency =95% 


Current 

Density 

Thickness in Mils in 

Amp./Sq. Ft. 

15 Min. 

30 Min. 

45 Min. | 

60 Min. 

i 

5 1 

i 

•08 

•16 

•24 

•33 

10 

•16 

•33 

•49 

•66 

15 

•25 

•50 

•75 

•99 

20 

•33 

•66 

•99 

1*32 

25 

•41 

•82 

1-24 

1-65 

30 

•49 

•99 

1-48 

1*98 

35 

•58 

116 

1-74 

2-31 

40 

•66 

1-32 

1*98 

2-64 

45 

•75 

1-49 

2-24 

2-97 

50 

•82 

1-65 

2-47 

3-3 


TABLE LXII 

Thickness of Zinc Deposits from Alkaline Bath 
Current efficiency = 60% 


Current 

Thickness in Mils in 

Density 
Amp./Sq. Ft. 

30 Min. 

| 

60 Min. 

j 

1 90 Min. 

1 

120 Min. 

5 

•11 

■22 

•33 

•44 

10 

•22 

•44 

•66 

•88 

15 

•33 

•66 

•99 

1*32 

20 

•44 

•88 

1-32 

1-76 

25 

•55 

110 

1-65 

2-20 

30 

•66 

1-312 

1-97 

2-63 


Hot galvanizing will, by test, be found to apply a coating 
of 1 oz. per ft. super. Electro-galvanizing suffices to give 
the same protection with about one-half of this amount of 
metal. This is mainly due to the fact that the deposited metal 
is much more pure than that applied in the hot galvanizing 
process. The electro-deposited coatings usually run to about 
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0*3 to 0*5 oz. per sq. ft. The 10 ampere-hours per sq. ft. 
referred to above corresponds to about 0*4 oz. per ft. super. 

Mere thickness, however, is not everything in the case of 
a zinc coating, and there has been some diversity of opinion 
as to the thinnest deposits which can be relied upon to offer 
reasonable resistance to the corrosive conditions of service. 
The Washington Bureau of Standards at one time specified 
1 \ mils, but Hughes* suggests that considerably less, as low as 
three-quarters of a mil, should suffice. Much depends upon 
the evenness of the deposit with freedom from pores and the 
nature of the corrosive conditions to which the deposit will 
be subjected. 

Throwing Power. This, in the case of the zinc sulphate 
solution, is notoriously low, and the solution is therefore of 
greater service in electro-galvanizing sheet work with which 
the inter-electrode distance is very uniform. Some qualitative 
figures have already been adduced in Chapter VII, but the low 
throwing power does not so much matter where plain sheet 
metal is being handled. For irregular work the solution does 
not meet the necessary requirement, and recourse must there¬ 
fore be had to the cyanide solution. 

Addition Agents. Quite a number of addition agents have 
been used to improve the character of the zinc deposit, and, 
therefore, to increase the rate of deposition. Among them are 
aluminium compounds, the several types of sugars, pyrogallol, 
dextrin, beta-naphthol, and gum arabic. With most of these 
compounds there is definite absorption, though this is hot the 
case with aluminium compounds, there being no evidence of 
co-deposition. With aluminium compounds loss is occasioned 
by the separation of aluminium hydroxide from the colloidal 
state, in which it is effective for addition purposes. Organic 
materials, however, are absorbed, usually to the extent of 
about 1 lb. per ton of metal. This quantity varies considerably, 
but depreciation in the quantity present will be reflected in the 
character of the deposit, necessitating occasional further 
additions of these materials. 

The Chloride Solution. Attempts at increasing the con¬ 
ductance of the zinc sulphate solution by the addition, first, 
of common salt and other chlorides, led to the discovery that 

♦Modem Electro-plating by Hughes, (Henry Frowde and Hodder 
And ■’.tonghton), p. 70. 
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excellent deposits are obtainable from solutions made entirely 
from chlorides. The following is a typical composition of such 


a solution— 




Zinc chloride 

24 

OZ. 

150 gm. 

Sodium chloride 

40 

f f 

250 „ 

Aluminium chloride . 

4 

99 

25 ,, 

Water 

1 

gal. 

1 litre 


The aluminium chloride serves the purpose of an addition 
agent, giving whiter and smoother deposits without the de¬ 
position of any aluminium. 

Such a solution would have only about one-half of the 
resistance of the sulphate bath referred to above, and the 
resistance can be still further reduced by the addition of more 
salt or ammonium chloride. 

A current density of 15 to 45 amperes per sq. ft. is possible 
with a pH value of 3*5 to 4-5. 

By the application of agitation the C.D. can be considerably 
increased, even up to 150 amperes per sq. ft. For a deposit 
of 0 0006 in., about 500 ampere-minutes would be required. 
At 50 amperes per sq. ft., 10 minutes’ deposition would 
suffice. 

The Alkaline Solution. This, as previously stated, has the 
advantage of far greater throwing power than the sulphate 
solution. Generally, the composition of the solution is in line 
with that of copper cyanide, but in order to increase throwing 
power still further, an appreciable amount of caustic soda is 
added. The chief constituents of the solution are zinc sodium 
cyanide, sodium cyanide, and caustic soda. An aluminium 
compound is added as an addition agent. 

These essential constituents are obtained by the use of 
different original chemicals. The following may be taken as 
a typical composition— 


(1) 


Zinc oxide (80% Zn) 
Sodium cyanide 
Sodium carbonate 
Caustic soda 
Potash alum 
Water 


64 oz. 40 gm. 

16 „ 100 „ 

14 - »-5 „ 

4 » 3 ,, 

2 „ 12*6 „ 

1 gal. 1 litre 


The preparation of the solution is undertaken by dissolving 
the sodium cyanide in water. The solution may be warmed 
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and the zinc oxide added. This should dissolve readily, after 
which the remaining constituents are added. 

An alternative formula is the following— 


Zinc cyanide (55% Zn) 

91 oz. 

59 grm 

Sodium cyanide 

81 

. 53 „ 

Caustic soda 

7 

44 „ 

Sodium carbonate 

11 .. 

9*5 „ 

Aluminium sulphate . 

i - 

4*7 „ 

Water 

1 gal. 

1 litre 


The sodium cyanide, caustic soda, and sodium carbonate 
may be dissolved in water and the zinc cyanide and aluminium 
sulphate added, these readily dissolving in the resulting 
solution. 

From the following expressions— 

Zn(CN) 2 + 2NaCN Na 2 Zn(CN) 4 
117 98 

it will be seen that 1 lb. of pure zinc cyanide requires practically 
•84 lb. pure NaCN for its solution. 

These two formulae look distinctly different. As a matter 
of fact they agree when made up, with the exception that 
No. (1) contains a few grams of potassium sulphate introduced 
in the alum. These formulae emphasize the fact, often over¬ 
looked, that on mixing, chemical changes occur between the 
several chemicals, resulting in the production, in this case, 
of an almost identical solution. Thus— 

ZnO + 4NaCN + H 2 0 = Zn(CN) 2 2NaCN + 2NaOH 

Alkaline zinc solutions thus contain both zinc sodium 
cyanide and sodium zincate (Na 2 Zn0 2 ). 

Analysis of one works solution gave the following results— 

Zinc (as metal) = 36-8 gm. per litre. 

NaCN (total) — 22 „ ,, „ 

NaOH = 61*6 „ 

Now 4 NaCN = Zn 
196 65 

Hence 22 gm. NaCN = ^ x ~ = 7-2 gm. Zinc ae Zn (CN), . 2 NaCN 

Zinc as sodium zincate = 36*8-7*2 = 29*6 gm. 

Again Zn = 2NaOH 
65 = 80 
29 6 

29*6 = X 80 » 36*4 gm. NaOH combined with Zinc. 

Hence free NaOH *=* 61*6 - 36*4 = 25*2 gm. 
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In this form the analysis appears as— 

Zn(CN), 2NaCN = 23*8 gm. per litre. 

Na s ZnO t = 65*1 ,, 

NaOH = 25*2 „ „ „ 

Another equivalent or alternative composition would be— 

Zn(CN), =13*1 gm. per litre. 

ZnO = 36-9 „ „ „ 

NaCN = 1M „ „ „ 

NaOH = 61-6 „ „ „ 

These alternative formulae for a single solution can readily 
be deduced from the chemical equivalents of the substances 
concerned. 

Operating Conditions. The solution may be worked either 
cold or warm. Cold solutions usually are better for being a 
little stronger, and not infrequently they contain a larger 
proportion of free cyanide in order to keep the anodes free 
from insoluble cyanide of zinc. The temperature of operation 
is a matter of choice and convenience. 

Generally, however, a temperature of about 30° to 40° C. 
(86° to 104° F.) may be used. The current density permissible 
exceeds that of the “acid” solution, going up to even 40 
amperes per sq. ft. A more usual figure is 20 amperes per sq. ft. 

The solution is preferably worked in an iron tank, as is 
common with warm cyanide solutions. There is no inherent 
objection to a lead-lined tank so long as the lining is either 
a new one or very carefully washed after any previous solution. 

Additions to the Solutions. Now it has come to be recog¬ 
nized that this solution, although sorely required for the 
purpose, fails to give satisfactory deposits on cast iron, and yet 
this metal calls for galvanizing by electro-deposition. After 
prolonged treatment with the current, either there is no 
deposit or one very thin and streaky is obtained. The fault 
evidently lies with the metal. Cast iron contains notable 
quantities of carbon, and it would appear that there is the 
preferential deposition of hydrogen at this conspicuous im¬ 
purity, with the consequent loss of metal. 

Methods have been proposed to overcome the trouble. 
One is the addition of a mercury compound to the solution. 
This patented method involves the use of a small amount of 
mercury in the anodes, say up to 1 per cent, and a corre¬ 
sponding quantity in the solution. This, in theory, is simple. 
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The mercury is easily deposited and, once there, opposes the 
deposition of hydrogen, thereby offering greater facility for 
the deposition of the zinc. This difficulty in depositing hydro¬ 
gen on mercury occurs with other metals, but to a lesser 
degree. It is generally called over-voltage , meaning, in effect, 
a greater voltage required to maintain the deposition of 
certain ions over that ordinarily expected from their 
usual electro-chemical properties (see page 64). It is an 
important electro-chemical phenomenon, and one which 
comes into operation when impure zinc, which is ordinarily 
rapidly dissolved by sulphuric acid, becomes passive after 
amalgamation. 

The small amount of deposited mercury suffices to, as it 
were, cover up the impurities, and hence the deposition of 
zinc can proceed normally. 

A word of warning must, however, be uttered regarding the 
use of mercury in zinc deposition. For a deposit which is not 
to be brought into contact with other metals it may be all to 
the good. It will be recalled that amalgamated zinc is not 
hindered from dissolving electro-chemically in the several 
forms of voltaic cell where another metal is in contact w r ith 
it through the external circuit. 

There may be—indeed are—some applications of zinc 
deposition in which the deposit will come into contact in 
the process of fabrication with other metals. There is here 
the almost certain risk that the presence of mercury in the 
zinc deposit may facilitate the corrosion of the adjacent 
metal. There is now the feeling that mercury in the zinc is 
disadvantageous, and care is being advocated to ensure its 
absence. This will involve the testing of the several materials 
used in the process for the presence, even in very small 
amounts, of mercury. This will be described later. 

The above formulae for the cyanide solution show the 
addition of aluminium compounds as addition agents. Dex¬ 
trose is also used. The plater would do well to settle for 
himself by experiment the one which he regards as preferable. 
Both can be used satisfactorily. 

Preparation of Work. Where cast iron is being treated, 
special attention must be paid to the preliminary treatment. 
One of the likely troubles is that of uneven deposits due, 
probably, to insufficient cleaning. The difficulty lies with the 
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sand which adheres to the casting, and pickling in hydro¬ 
fluoric acid is to be recommended. For this purpose the 
bought acid may be diluted to about 10 per cent of its strength, 
and the presence of a small proportion of sulphuric acid is 
to be recommended. Preferably hydrochloric acid should 
not be used with cast iron, as the smallest traces left in any 
pores in the metal are likely to lead to considerable corrosion 
after deposition. 

If the bath is working satisfactorily it should yield an 
excellent bluish-white soft deposit, one which is non-porous 
and soft enough to withstand considerable distortion by 
bending, and thus maintain its continuity in service. 

Comparison of “Acid” and “Alkaline” Zinc Deposits. 
Owing to the considerable importance of zinc deposition for 
protective purposes, there has been a large amount of experi¬ 
mental work, both on a small and large scale in order to 
determine the most satisfactory methods of effecting the 
deposition. These tests, to which reference is later made, seem 
to show without doubt that the cyanide deposit is to be pre¬ 
ferred to that obtained from the acid solution. In the first 
place, there is retained by the base metal a film of the deposit¬ 
ing solution. In the cyanide bath this is protective rather than 
corrosive, while the reverse must be stated with reference to 
the acid solution. Again, the cyanide solution gives more even 
deposits than the sulphate solution, while it possesses cleansing 
properties which, while not being relied upon to effect cleaning, 
are, nevertheless, there as a second line in case of inadver¬ 
tently faulty cleaning. Above all, the vastly superior throwing 
power of the cyanide solution inevitably marks it out as pre¬ 
eminently suited to the deposition of the metal on all but 
very plain work. The solution may be regarded as more 
costly in make up, maintenance, and working, but these 
disadvantages are far more than balanced by the superior 
deposit. 

Deposition of Zinc on Al uminium . Special interest attaches 
to the deposition of zinc upon aluminium as a means of pro¬ 
tection from corrosion. The best preliminary treatment of 
the aluminium, or the alloy of this metal, with constituents 
whic impart the desirable mechanical properties, is that of 
removing grease and subsequently sand-blasting. By this 
means the troublesome oxide film is entirely removed and. 
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after a rinse, the work is at once transferred to the zinc plating 
'bath which, for this purpose, may conveniently contain— 

Zinc cyanide . 10 oz. approx. 60 gm. 

Sodium cyanide 5 „ „ 30 „ 

Caustic soda . 3 „ ' 20 „ 

Ammonia .880. 5 fl. oz. „ 30 c.c. 

Water . . 1 gal. ,, I litre 

With this solution there is less tendency to blistering of the 
deposit, while the alkali is of sufficient quantity and quality 
to keep the anodes free from insoluble and insulating slimes. 

General Observations on Zinc Deposits. Zinc is recognized 
to be an excellent protective for iron and steel owing to what 
is called its sacrificial corrosion . It is, however, still necessary 
to obtain deposits of appreciable thickness such as 0-0006 in. 
mentioned above. 

There is no difficulty in producing these deposits. Both 
sulphate and chloride solutions are available, keeping the pH 
between 3-5 and 4-5. The throwing power, however, is not 
good, and cannot be appreciably increased. Addition agents 
have been considerably experimented with, but not with the 
success which might have been hoped. Dextrine seems to have 
proved most serviceable. The addition of aluminium salts 
has the advantage of buffering the solution, that is, making it 
easier to maintain the correct concentration of hydrogen ions 
or the pH value. 

Generally, conductance can be largely increased by the 
addition of chlorides and the use of zinc chloride in place of 
zinc sulphate. The solution, especially with the application 
of agitation, can then be used with very high current densities. 

One notable feature of zinc deposits is the ready diffusion 
of other deposited metals into them. Metals which are thus 
readily absorbed are copper, brass, gold, and silver. Gold 
deposits are so readily absorbed as to show no signs of their 
presence after a very short time. Experiments have shown 
that nickel is not absorbed, and this metal, therefore, provides 
a suitable undercoating for the more easily absorbed metals. 

Zinc deposits usually contain hydrogen which induces 
brittleness. This may, however, be removed by heating for 
30 minutes at 100°-200° C. and some specifications require 
this treatment. 

The following recommendation for the thickness of zinc 
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coatings has been made through the collaboration of Dr. 
Blum, the American Electro-platers’ Society and the American 
Society for Testing Materials. 

Minimum Thickness 
on Significant Surface 

(1) General Service . . *0005 in. 

(2) Mild Service . . *00015 in. 

Testing Zinc Deposits. Zinc deposition is carried out for a 
very definite protective purpose, and it is only to be expected 
that tests will be applied to ensure a sufficient quantity and 
quality of deposit to secure the required protection. It is not 
proposed to discuss these tests in detail, only to enumerate 
them. 

The mechanical tests include hammering, squeezing, grind¬ 
ing and bending to determine adhesion. Chemical tests include, 
among others, that designed many years ago by Preece, which 
consists of immersing the specimen in a specified copper sul¬ 
phate solution to ascertain its continuity. Weak spots are 
soon revealed by the appearance of red dots due to deposited 
copper, the local currents for this purpose being set up between 
the anodic zinc and the exposed iron which becomes the 
cathode. 

These tests will be referred to in some detail in Chapter 
XXII. 

Analysis of the Solution 

The Sulphate Solution. In this case the chief determination 
is that of the zinc or its sulphate. For this purpose consider¬ 
able dilution is necessary to bring the solution down to the 
strengths comparable with those of the usual standard solu¬ 
tions. In the case of the 300 gram of zinc sulphate per litre 
solution, dilution to six to ten times the volume is convenient. 

Estimation of Zinc. A hot acid solution of zinc reacts with 
potassium ferrocyanide according to the following equation— 
3ZnCl 2 + 2K 4 Fe(CN) 6 = 6KC1 + K 2 Zn 3 (Fe(CN) 6 ) a 
the end point being detected by the formation of a brown 
colour with uranium acetate solution used as an external 
indicator. 

Now Mol. Wt. K 4 Fe(CN) 6 -3H 2 0 = 422 

Hence 844 gm. potnssium ferrocyanide ==3x65 

= 195 grm. zinc. 
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It is usual to make up the solution of approximate strength 
and standardize it with either pure zinc or pure zinc sulphate. 
For this purpose make up a solution of the ferrocyanide con¬ 
taining 50 gm. of the crystallized salt per 1 litre. 

Standardization. (1) With pure zinc. One gramme of pure 
zinc is weighed out and dissolved in dilute HC1 and the solu¬ 
tion made up to 100 c.c. 25 c.c. (= 0-25 gm. Zn) is taken out, 
diluted and heated, and the hot solution titrated with the 
ferrocyanide until a drop withdrawn from the flask and mixed 
with a drop of a solution of uranium acetate on a tile shows the 
first sign of a brown coloration. 

Assume 21*7 c.c. of the ferrocyanide solution to have been 
used. Then— 

0*25 

1 c.c. ferrocyanide solution = - y = 0 0115 gm. Zn. 


The ferrocyanide solution might now be diluted so that 1 c.c. 
is equivalent to 0 01 gm. Zn. For this purpose each 21*7 c.c. 
should be diluted to 15 o.c. 

The Estimation. Dilute 10 c.c. of the solution to 100 c.c. 
Take 25 c.c. of the diluted solution. Further dilute, add a little 
HC1, warm and titrate with the ferrocyanide solution using the 
** spot ** indicator of uranium acetate on a tile until there is 
produced a brown colour. Repeat the titration for con¬ 
cordant results. 


Example . 25 c.c. diluted Zn. soln. = 16*2 c.c. K 4 Fe(CN) 6 . 
Hence as 


1 c.c. K 4 Fe(ON) 6 = 0 01 gm. Zn 

zinc per litre of the bath solutioji 

16*2 x 0-01 X 100 X 1000 ^ 

=-^^- = 64*8 gm. 

25 X 10 B 


and as Zn =s ZnS0 4 .7H 2 0 

65 287 

the weight of zinc sulphate per litre is 

287 X 64-8 ooa __ 

- 65 - = 280 gm. 

Alternatively— 

Since 195 gm. Zn ss 844 gm. K 4 Fe(CN) e . 3H a O 
10 gm. Zn = 43-28 ,, ,, 
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Hence by dissolving 43-28 gm. of pure potassium ferro- 
cyanide and making up to 1000 c.c. the resulting solution 
will have a value of -01 gm. Zn per c.c. This may be sufficiently 
accurate for many purposes. 

The Alkaline Solution. In this solution the zinc, free cyanide, 
caustic soda and sodium carbonate are frequently required. 

Zinc . Little need be added to the method described for the 
sulphate bath except to indicate that as usual it is necessary 
to decompose the cyanides, after which the acid solution can be 
treated like the sulphate bath. 

An alternative gravimetric method is that of taking 5 c.c. 
of the solution and adding sufficient strong H 2 S0 4 to decom¬ 
pose the cyanides. Dilute considerably, and add an excess of 
sodium carbonate solution to ppt. the zinc as ZnC0 3 . This 
ppt. is filtered and washed thoroughly to get rid of all excess 
of Na 2 C0 3 , after which the ppt. is ignited to ZnO. 


Now 


Zn - ZnO == Zn(CN)., 
65 81 117 


Hence Wt, of ZnO X 10 ^° = gm. ZnO per litre 

O 

1000 117 

or Wt. of ZnO X X -gj- = gm. Zn(CN) 2 per litre. 

Free Cyanide . This is not directly determined by standard 
silver nitrate as with other solutions. The method adopted is 
that of adding an excess of caustic soda which converts the 
whole of the zinc compounds to sodium zincate (NagZn0 2 ) so 
that the whole of the cyanide is converted into the sodium 
salt which is then estimated with silver nitrate. From the 
known zinc content, the amount of NaCN required to form the 
compound (Zn(CN) 2 .2NaCN) is calculated and this deducted 
from the total cyanide gives the amount of free cyanide. 

As an example take 10 c.c. of solution and dilute to 250 c.c. 
Take 25 c.c. of the diluted solution and add an excess of 
NaOH. Titrate in the usual manner with N/10 AgN0 3 to the 
first permanent turbidity. 

Then c.c. N/10 AgN0 3 X 0098 - 250 1000 


260 

X 26 X 


10 


= gm. total NaCN per litre. 
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Alkalis . The solution contains caustic alkali, and therefore 
also carbonates, the estimation of which follows the lines 
indicated described in detail in Chapter V. 

To carry out the estimation, the bath is suitably diluted so 
that 1 or 2 c.c. of the bath can conveniently be measured 
off. Thus, by diluting 10 c.c. of the bath to 250 c.c., each 
50 c.c. of the dilute solution will contain 2 c.c. of the bath. 
Sufficient potassium ferrocyanide solution is added to account 
for the estimated zinc, and more than sufficient silver nitrate 
to account for the total cyanide. Subsequently, the estimation 
of alkalis follows the lines detailed in Chapter V by titration 
with semi-normal hydrochloric acid. With phenolphthalein 
as indicator, the total caustic and half the carbonates are 
found, while, with the further addition of methyl orange, the 
remaining half of the carbonate is found, from which the 
quantities of caustic and carbonate are readily calculated. 

Testing for Mercury. The following tests with the modifica¬ 
tions indicated are also available for compounds and metals 
other than those used in the production of zinc deposits. They 
are well known to the analytical chemist. 

In the case of cyanide solutions the cyanide contents are 
first decomposed by treatment with the minimum of strong 
acid, excess of which is boiled off by the reduction of the 
solution to a small volume. The usual metallic salts will not 
require this treatment. In the case of metals to be used as 
anodes a small quantity of turnings may be dissolved in the 
minimum amount of the relevant acid, boiling off excess of 
acid. 

The first test involves the deposition of any mercury 
present on a clean copper surface, on which it will be recog¬ 
nized by a white deposit, which may be brightened by gentle 
rubbing. A slightly acid solution is required. Excess of acid 
is undesirable. Hence the better practice of removing excess 
of acid by evaporation and adding a regulated amount. 

In the case of plating solutions, remove where necessary 
the cyanides, and after evaporation dilute the solution, adding 
about 3 c.c. of strong HC1. Place in the solution a small piece 
of copper foil, which has been cleaned by immersion in 50 per 
cent nitric acid for a half to one minute until it gasses vigor¬ 
ously. Rinse thoroughly and introduce the copper into the 
solution. A white deposit, which, after drying, becomes bright, 
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is good evidence of the presence of mercury. The application 
of this method to salts and metals will be obvious. 

Where mercury may be present in appreciable quantity the 
usual test of the addition of a solution of stannous chloride 
to an alkaline solution will indicate the presence of mercury 
by a grey turbidity, or, when the amount of mercury is smaller, 
a white turbidity. 

Quantitative tests are also .available but these need not be 
described here. 



CHAPTER XVIII 

DEPOSITION OF CADMIUM 

Introduction —The solution—Additions to the solution—Anodes— 
Thickness of the deposit—Operating conditions—Anti-corrosion 
properties of cadmium—Nickel on cadmium—Heat treatment of 
cadmium deposits—Cadmium and foodstuffs—Analysis of solution 

Introduction. Cadmium provides another example of a metal 
to which little reference is made in earlier literature. It is a 
recent “find” in electro-plating. It has already attained 
extensive use, and it may be said that, quantitatively, its 
value is being established. There is generally the optimism 
that a new procedure is more valuable than subsequent service 
proves. The extended use of the metal is at least one argument 
in its favour. Secondly, there is the fact that, electro-chem- 
ically, it lies nearer to iron than does zinc, and with electro¬ 
chemical likeness there is less likelihood of corrosion with one 
or other of the adjacent metals. There has been much dis¬ 
cussion as to the relative merits of cadmium and zinc for 
protective purposes. For cadmium there are disadvantages in 
its higher cost, and in the fact that the deposit produces a dark 
stain on the hands, necessitating the deposit being covered 
with another metal. As a result, a large amount of work has 
been treated, first with cadmium as a rust-proof undercoat, 
and then with nickel to obtain the desired finish. 

The Solution. Very little success has been obtained with 
an “acid” cadmium solution, and all the solutions in practical 
use are of the cyanide type. These yield very satisfactory 
deposits, may be worked cold, and throw well, though not 
so well as is the case with the strongly alkaline zinc 
solution. 

Formulae for the solution have the usual variety, although it 
is satisfactory to note that in the case of every metal these 
formulae are being reduced to a limited number, a step in the 
right direction. , 

All cadmium solutions, therefore, contain the double 
cyanide of cadmium and sodium, with additions of free 
cyanide and alkali and some addition agent. 

33S 
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A good average formula may be taken as follows— 

Cadmium oxide 33 gm. 

Sodium cyanide . 12 * „ 75 „ 

Water ... 1 gal. 1 litre 

This is recommended because it is easily made up. The 
cyanide is dissolved in water less than the final quantity, and, 
after warming, the cadmium oxide readily dissolves, after 
which the volume can be made up. At first there would not 
appear to be any provision for caustic soda, but the following 
equation shows that this is formed when the constituents of 
the solution are mixed— 

H 2 0 + CdO + 4NaCN = Cd(CN) 2 -2NaCN + 2NaOH 

Then if CdO = 4NaCN 
128 196 

1 lb. pure cadmium oxide requires 1*53 lb. pure NaCN for its 
solution. 

An alternative formula leading to much the same result is 
the following— 

Cadmium cyanide [Cd(CN) 2 ] 6} oz. 42 gm. 

Sodium cyanide . 8 „ 50 „ 

Caustic soda . . 4 „ 25 „ 

Water . . . .1 gal. 1 litre 

The following comments on the composition of the solution 
may be made. There is a wide range of free cyanide per¬ 
missible even up to 100 per cent over that which is combined. 
A 50 per cent excess is shown in the above formula. Caustic 
soda may go up to 30 gm. per litre, rather in excess of the 
above figure. The throwing power, while good, is open to im¬ 
provement, especially having in mind the purpose for which 
cadmium plating is undertaken. An excess of alkali has not 
the same beneficial effect as with zinc. A suggestion has 
therefore been made of the use of a more dilute solution in 
which to strike the work. Weaker solutions are usually better 
throwers. Such a solution would, if of the cyanide type, 
possess cleansing properties, and this would constitute an 
added advantage. After a quick strike for a few minutes at a 
high C.D. of say 30 to 50 amperes per sq. ft., the work is 
transferred to the main solution. 

In common with all other baths containing cyanides the 
cadmium bath tends to accumulate carbonates, for the advan¬ 
tages of which there appears to be some limit. This has been 
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set at about 25 gm. per litre. Soderberg and Westbrook* 
claim that excess carbonates oarn be eliminated by reducing 
the temperature of the solution to 0° C., when the carbonates 
in excess of 22-5 gm. per litre crystallize out. Occasionally it 
may be necessary to “seed” the crystals by the addition of a 
small amount of the solid carbonate, this operation being well 
known and practised in the production of crystalline salts. 

Additions to the Solution. The foregoing solution gives with 
proper current control tolerably satisfactory deposits, but not 
altogether of the type required for commercial work and under 
commercial conditions of production. Some addition agent is 
necessary. Many have been proposed. Several very satis¬ 
factory examples are here suggested. Dextrine to the extent 
of £ oz. per gallon will be found to be very serviceable. The 
dextrine is easily dissolved in water or some of the solution 
and then well stirred into the main bath. Another good 
addition is Turkey red oil, obtainable from any chemical 
supply house. For a gallon of solution 1 \ oz. of oil are shaken 
with about one pint of the solution. It readily mixes, and can 
then be stirred into the bath. With this addition it will be 
found that an increase of C.D. becomes permissible, possibly 
up to 50 per cent, with an appreciable reduction in the time 
required for deposition. 

Cadmium deposits are improved by the addition of “bright- 
eners.” A good result is obtained with nickel to the extent 
of about 0*2 to 0*3 gm. of nickel per gallon of solution. This 
is equivalent to i oz. of single salt per gallon. Dissolve this in 
a little water and add sodium cyanide solution until the 
precipitate first formed j ust redissolves. This solution of nickel 
sodium cyanide is then added to the bath. These suggestions 
should first be tried out on samples of say 2 gallons before 
applying them to large baths. 

Anodes. These should be of cadmium. It will be found 
that the anode solution is greater than might be anticipated 
from the current employed, that is to say, over 100 per cent. 
If the cathode efficiency is either 100 or less there will be more 
metal passing into the solution than deposited from it. The 
electrode efficiency ratio may even be as high as 1*25, leading 
to undue concentration of the metal in the solution. This 
tendency is corrected by the addition of iron anodes in small 
* Trans, fflectrochem . Soc ., 80, 1941, 429. 
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proportion, which experience will soon determine, possibly one 
of iron to four of cadmium. Excessive anode solution is thus 
prevented. 

As an anode material, cadmium balls have a large applica¬ 
tion. These are held in wire containers and as they diminish 
in size further additions are made, thus maintaining approx¬ 
imate uniformity of anode surface. 

Thickness of Deposit. Ordinarily cadmium is deposited at 
a far greater rate than copper. The exact figure is : 
1 ampere-hour is equivalent to 2-08 gm. of cadmium. Usually 
the current efficiency is high, nearly theoretical, and thus the 
thickness of cadmium deposited per hour by a current density 
of 10 amperes per sq. ft. is approximately 1 mil. Table LXIII 
embodies relevant data on cadmium deposits. 

TABLE LXIII 

Thickness of Cadmium Deposits 
C urrent efficiency =90% 


Current 

Thickness in Mils in 

Density 
Amp./Sq. Ft. 

15 Mm. 

30 Min. 

45 Min. 

60 Min. 

5 

11 

■23 

•35 

•46 

10 

■23 

•46 

•70 

93 

15 

•35 

•7 

105 

1-4 

20 

•46 

•93 

1-4 

1-87 

25 

•58 

1-17 

1*75 

2-34 

30 

•70 

1*40 

21 

2-81 


Operating Conditions. The operation of the bath is simple, 
the solution being used either warm or cold where heating is 
not convenient. The preparation of the metal for plating is 
much the same as for zinc, iron and steel going through the 
same pickling processes prior to plating. The deposition may 
be carried out at 10 to 15 amperes per sq. ft., a fine dead white 
deposit then being obtained. The solution requires little 
attention and correction. The metal content is not likely to 
fall short of that originally put in. The free cyanide depre¬ 
ciates and additions can be made from time to time. 

For thin deposits lower C.D.’s are employed, say 4 amp./ 
sq. ft. At this rate, an hour’s deposit is *00036 inch thick. 
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Not infrequently deposits fail to exhibit the desirable clean 
whiteness. In suoh case the plated work can be passed through 
a weak acid solution. This may be sulphuric or acetic, generally 
not more than 1 to 2 per cent strength with subsequent rinsing. 

Unfortunately the deposit does not permit of much handling. 
It readily marks. This can to some extent be remedied by 
passing the finished work through a solution of a soap com¬ 
pounded with whale oil, the preparation being made alkaline 
by adding ammonia. After rinsing, the very thin layer of 
soap which clings—and these and other materials do cling to 
work far more tenaciously than is usually imagined—serves 
the purpose of a thin lacquer. The alkali addition (ammonia) 
may be regarded as a safeguard against any acid left from the 
slightly acid dip. 

Anti-Corrosion Properties of Cadmium. From theoretical 
considerations cadmium might be deemed an excellent pre¬ 
ventive against corrosion. This, in general, is true. Much 
less certain, however, is the minimum thickness to secure 
reasonable freedom from attack. Corrosive conditions vary 
considerably. In general it has been suggested that 0-3 mil 
(equivalent to 18 minutes’ plating at 10 amperes per sq. ft.) 
should suffice. While this might serve if only we could 
guarantee the continuity of the deposit, there appears to be 
little confidence in so doing. Safer policy will be to increase 
the thickness to 0-4 mil (24 minutes’ plating under the same 
current conditions). This slightly heavier deposit is of far 
more importance than might be judged from the merely in¬ 
creased thickness. It serves the purpose of filling up many 
pores in the deposit which otherwise might just be left open. 
A niggardly policy with regard to the amount of metal 
deposited is unwise. A simple calculation will show that 0*4 
mil represents \ oz. of metal per foot super. The cost of the 
metal is very small and the saving by a thinner deposit is so 
negligible as to be unwise to attempt. Some consideration 
of the cost of the metal plated might well be taken into 
account when figuring out the thickness to be deposited. 

Recommendations for cadmium deposits similar to those for 
zinc (see page 331) are— 

Minimum Thickness 
on Significant Surface 

(1) General Service . *0005 in. 

(2) Mild Service . . *00015 in. 
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While zinc provides the cheapest protective coatmg for iron 
and steel, that afforded by cadmiuin is m^rkedly^better and 
can further be improyed by fr&atm&nVmth a weak solution 
of potassium dichrmnate with the formation of stable basic 
chromate of the metal, which is not only more stable but also 
very adherent. 

Nickel an Cadmium. The deposition of nickel on cadmium 
has attained some vogue, cadmium supplying the protection 
against corrosion and the nickel giving the desirable finish. 
Such composite deposits have their advantages and dis¬ 
advantages. For real efficiency both deposits must be per¬ 
fectly sound. There is probably more certainty of this in the 
case of the cadmium than in the nickel deposit. Cadmium 
protects by reason of its being attacked more readily than the 
iron and steel, and reasonably thick deposits are therefore 
of great value. 

The addition of a further coating of nickel adds a complica¬ 
tion. If the latter deposit is at all porous then the cadmium 
below will be subject to attack, forming a white corrosion 
product which will appear in spots. For absolute protection, 
therefore, the nickel deposit must be non-porous. It is thus 
claimed that while the cadmium-nickel deposit is superior to 
nickel alone it may fall far short of one of cadmium alone. 

Heat Treatment of Cadmium Deposits. It has been shown 
that by raising the temperature of a cadmium deposit on iron 
and steel there is absorption of the deposit in the basis metal. 
This is seen by the fact that although the deposit may have 
been made on a smooth surface, this surface, after removal 
of the heat-treated deposit, is roughened. As a similar 
phenomenon is known to occur in hot galvanizing, and also 
that the iron-zinc alloy formed is mainly responsible for the 
resistance to corrosion, it is thought that a similar advantage 
accrues from the heat treatment of cadmium deposit and the 
process is often recommended. 

At the same time any hydrogen absorbed in the deposit is 
removed and the coating becomes more amenable to bending. 

Cadmium and Foodstuffs. The protective value of cadmium 
and its possible contact with foodstuffs raises the question of 
its safety under these circumstances. Cadmium cannot be 
regarded as a poison in the ordinary sense. No recorded case 
of definite cadmium poisoning is known. Small doses produce 



ELECTRO-PLATING 


sickness ,\whicb^ at least, is unpleasant and undesirable. 
Further, catbnfuii*4s not attacked by either neutral or alkaline 
conditions, but in ncJXttfe should the'ta^tal be used under cir¬ 
cumstances in which acids arising from "the* decomposition of 
foodstuffs are likely to come into contact with, the metal. If 
cadmium salts are used medicinally as emetics, care can, and 
at least ought to be exercised to prevent the contamination 
of foods by these salts. Prevention of trouble is better than 
cure, and safety first is a good motto. 

Analysis of the Solution 

The analysis of the cadmium solution usually concerns the 
free cyanide and metal content, neither of these estimations 
being of quite the simple type. In addition, the amount of 
caustic soda and sodium carbonate will be useful in cases in 
which the solution is being kept under close observation for 
testing purposes. 

Free Cyanide. A simple titration with deci-normal silver 
nitrate would seem to be the first and reasonable suggestion. 
If this is tried it will be found that the end point is not so sharp 
as with other free cyanide tests. In place of the usual turbidity, 
there appears a definite precipitate which is not easily seen 
until the solution has stood for a time. The end point may 
therefore be easily exceeded. The test, however, is practicable 
with care. 

An alternative test is with a standard solution of nickel sul¬ 
phate which can be used in exactly the same manner as silver 
nitrate. From the following data— 

NiSO^HgO ~ Ni(CN) 2 .2KCN ~ 4KCN - 2AgN0, 

281 260 340 

it can be seen that as an N/10 solution of silver nitrate contains 
17 gm. per litre, a solution of nickel sulphate of equivalent 
strength will contain 14*05 gm. per litre, each c.c. of which will 
represent 0*013 gm. KCN or 0*0098 gm. NaCN. With this 
solution the end point is sharper and the solution therefore has 
this use. 

Estimation of Cadmium. Several methods are available for 
this purpose. 

(1) Weighing the cadmium as sulphide. 10 c.c. of the solu¬ 
tion are treated with a little strong sulphuric acid with the 
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addition of a few drops of nitric acid and the splntion^vapora- 
ted down to a small bulk, ^hi^en^res th^destV««Cion of the 
carbonates and cyamd^and leaves tne^^admium in the form 
of sulphate. The afcia is over-neutralized with solid sodium 
carbonate anc^-the turbidity taken up with acetic acid. The 
solution is diluted, warmed and gassed with HgS, when the 
cadmium is thrown down as the sulphide CdS. This is filtered 
through a weighed paper and well washed with water to re¬ 
move all soluble salts, the ppt. being finally dried to a con¬ 
stant weight giving the weight of cadmium sulphide. From 
the fact that CdS = CdO, the weight of cadmium as the 
oxide in grammes per litre is easily calculated. 

(2) Alternatively, the cadmium may be precipitated directly 
from the plating solution by saturating it with HgS, as cad¬ 
mium sulphide is insoluble in cyanide solutions, while many 
other sulphides are soluble. In filtering off the sulphide, there 
is always the possibility of the sulphide assuming the colloidal 
form and thus being washed through the filter. This method is 
therefore not to be recommended. 

(3) An approximate method involving little manipulation is 
carried out as follows. 20 c.c. of the solution from the bath are 
transferred to a 50 c.c. measuring cylinder and 10 c.c. of a 
strong solution of sodium sulphide solution (Sp. Gr. = 5 
degrees on the Beaume or 7*4 degrees on the Twaddell hydro¬ 
meter added. This precipitates the sulphide. The solution 
is made up to the 50 c.c. mark with water and well shaken and 
allowed to stand for from 12 to 24 hours when the ppt. settles 
down as a compact mass. This method carried out with stan¬ 
dard solutions of cadmium shows that every 2 c.c. of ppt. 
correspond to approximately 1 oz. of the metal per gallon of 
the solution. 

Ferrocyanide Estimation . Cadmium may also be estimated 
with ease and accuracy by the method already explained for 
zinc (see page 331). In this case the reaction is as follows— 

CdCl a + K 4 Fe(CN) 6 = K 8 Cd(CN) e + 2KC1 

or 422 grm. of K 4 Fe(CN) 6 .3H 2 0 

= 112 grm. Cd 

From this relation it is possible to make up a ferrocyanide 
solution somewhat stronger than is required for 1 c.c. to be 
equivalent to 0*01 gm. Cd. This solution is standardized 

i a—(T.5646) 
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against'Vithew pure cadmium sulphate (3CdS0 4 .8H a 0) which 
contains 43*82 pefc>c(m£ eadmium,vor against the pure metal. 
The cadmium solution for titration should, however, only be 
slightly acid. Assume that the solution so standardized has 
been suitably diluted so that 1 c.c. = 0*01 gih. Cd. 

Alternatively— 

Since 112 gm. Cd. ^ 422 gm. K 4 Fe(CN) Q . 3H 2 G 
10 gm. Cd. == 37*67 „ 

Hence by dissolving 37*67 gm. of pure potassium ferro- 
eyanide and making up to 1000 c.c. the resulting solution will 
have a value of *01 gm. Cd per c.c. This may be sufficiently 
accurate for many purposes. 

Take 10 c.c. of the cadmium solution. Destroy the carbonate 
and cyanide compounds by treating with strong HjjSC^ with 
the addition of a little strong HN0 3 to simultaneously oxidize 
the iron to the ferric condition. Cool, dilute, and add excess of 
ammonia to precipitate the iron as ferric hydroxide which is 
filtered off and washed, and may be dried and weighed if 
required. Iron in the cadmium solution is usually in the form 
of sodium ferrocyanide. The solution is slightly acidified, 
warmed, and titrated with the ferrocyanide solution using 
uranium acetate as a spot indicator on a tile. If 1 c.c. of the 
ferrocyanide solution = 0*01 gm. Cd. then c.c. of ferrocyanide 
solution for 10 c.c. of the cadmium solution represent the 
grammes of cadmium per litre, a figure which by calculation 
can be converted into the equivalent quantity of cadmium 
oxide, as this material is used in making up the solution. 

Other methods are available but require more chemical 
work and are not as a rule justified for the usual routine 
determination of the metal. 

Estimation of Caustic Soda and Sodium Carbonate. Caustic 
soda will be a common constituent of the solution when 
cadmium oxide is dissolved in sodium cyanide (see page 337). 

Carbonates result from the exposure of the alkaline solution. 
Of these the caustic soda content is the more important. 
Take 5 c.c. of the solution. Dilute to about 100 c.c. with 
water. Add a saturated solution of barium nitrate to preoi- 
pitate the carbonate as BaC0 3 — 

Na*C0 3 + Ba(N0 3 ) 2 = BaC0 3 + 2NaN0 3 
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The ppt. is allowed to settle and filtered off. After washing, the 
ppt. may be treated in the same manner as described for the 
estimation of carbonates in the silver solution (see page 260). 
After cooling the filtrate, N/10 AgNO s is run in to produce a 
faint turbidity thus neutralizing free cyanide. A few drops 
of phenolphthalein solution are added, producing with the 
alkali a violet colour. Deci-normal hydrochloric acid is now 
run in until the violet colour disappears. 

Now N/10HC1 = 0 0040 gm. NaOH per c.c., from which 
the NaOH content is readily calculated. Thus 

1 c.c. N/10 HC1 = 0 004 gm. NaOH 
Assume X c.c. N/10 HC1 used. Then— 


X x 0 004 x 1,000 
5 


= gm. NaOH per. litre 


X X 0 004 X 1,000 

-ifxTfB- 

That is c.c. N/10 HC1 -f- 7-8 = oz. NaOH per gal. 

(2) A more approximate method is that of direct titration 
with N/2 acid. 

Take 10 c.c. of solution and add a few drops of phenolphtha¬ 
lein solution. Titrate with N/2 H 2 S0 4 until the violet colour 
just disappears. Call this reading k< A.” Add a few drops of 
methyl orange solution and continue the titration until the 
solution first assumes a pale pink colour. Call the additional 
acid added k ‘B.” 

Then— 

C *A” represents the NaOH + half the carbonate, and fc< B’* 
represents half the carbonate. 


Hence NaOH — 


B) x -02 x 1000 


= gm./litre 


, XT 2B X *0265 X 1000 /r . 

and Na 2 C0 3 —-^-= gm./litre 

Note . Should reading “B” be nearly equal to “A,” add the 
two readings together counting the whole as due to carbonates. 




CHAPTER XIX 
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Introduction— Composition of the solution — Purity of the chromic 
acid—Chemistry of the solution—Density of the solution—Prop¬ 
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excess sulphate—Rectification of trivalont chromium—Removal of 
iron by drag-out—Throwing power—Test for throwing power— 
The cavity method—Vats—Temperature—Anodes—Current den¬ 
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chromium — Black chromium St ipping chromium deposits— 
Recovery of chromium compounds—Health hazards—Applica¬ 
tions of chromium plating--Hard chrome deposition—Deposition 
of chromium from trivalent solutions—Analysis of the solution 

Introduction. No phase of electrodeposition has created so 
great interest, nor found such immediate and wide application, 
as that of chromium plating. Twenty years ago, it is safe to say, 
there was no commercial deposition of this metal on any scale. 

The work of Sargent, in America, opened the eyes of electro- 
platers with vision of the possibilities of the metal. To-day, 
after this brief interval, the deposited metal is everywhere in 
demand. 

During this period there have been many anxious times for 
those who were courageous enough to undertake the pioneer 
work in this direction, while those who at first wished to wait 
for the process to attain some state of stabilization, soon 
found it necessary to be up and doing, and to make some 
contribution to the progress, even though experiencing 
repeated failures, in order to attain the success which had 
been foreshadowed for the process. 

To-day the chromium solution is to be found in almost 
every workshop, and the large current demanded for the 
operation has opened up a new order of things in electro¬ 
plating, by far the most important in recent years. 

Composition oi Solution. Chromium plating solutions, while 
containing the minimum of added constituents, are neverthe¬ 
less of varying compositions and concentrations. That recom¬ 
mended by Sargent and serving many purposes was as follows— 

Chromic acid (CrO t ) . .40 oz. 250 gm. 

Chromic sulphate (Cr t (S0 4 ) a ) } oz. 3 „ 

Water ..... 1 Imp. gal. 1 litre 
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The chromic sulphate was originally recommended to supply 
what is called trivalent chromium. The substance, however, 
is of uncertain composition unless very carefully prepared, 
and is, therefore, frequently substituted by sulphuric acid as 
follows— 

Chromic acid . 40 oz. 250 gm. 

Sulphuric acid .... 0*4 oz. 2-5 „ 

Water ..... 1 Imp. gal. 1 litre 

Sulphuric acid is a well-known chemical which can be easily 
purchased in a pure form, and is therefore more reliable. The 
proportion of chromic acid to sulphuric acid is all-important. 
When the ratio begins to vary the range of conditions for 
successful plating is decreased. We may not know exactly the 
reason, but the fact is attested by wide experience. The pro¬ 
portion of these two constituents is an essential in the speci¬ 
fication of the solution. 

While this solution is suggested as a good starting solution 
it may be said that many operators prefer a more concentrated 
solution, increasing the chromic acid content up to 50 and even 
60 oz. per gallon, and the sulphuric acid proportionately. 
Others contend that no great advantage is to be gained by 
the additional cost involved in the stronger solution, with 
its correspondingly high “drag out” losses. Before embarking 
upon a stronger solution the plater is recommended to make 
preliminary experiments with a small bulk of solution. The 
solution recommended above can easily be strengthened if 
this course has, by experience, been found to be desirable. 

Chromium plating solutions have undergone little if any 
change of composition during the past few years. Numerous 
solutions of the type shown above have given eminently satis¬ 
factory service over long periods, leaving any advantage of 
the stronger solution as of a doubtful nature. 

Purity ol Chromic Acid. The chromic acid should be pure. 
The commercial product prepared by the use of sulphuric 
acid may easily contain detrimental amounts of this acid. 
It may happen that the necessary additions of chromic acid 
to make good the loss of chromium may increase the pro¬ 
portion of sulphuric acid beyond that which is most efficient. 
The quality of the chromic acid must, therefore, be watched. 
Excellent qualities of the compound can, and must, be 
obtained. 
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Not many years ago commercial samples of chromic acid 
frequently contained as much as 1 per cent of sulphuric acid. 
Such chromic acid, if sufficiently pure from other points of 
view, would require no addition of sulphuric acid. 

More recently, however, there has been a definite trend 
towards specifications for chemicals used in electro-plating. 
For chromic acid there is a demand for a material which 
contains not less than 99*;> per cent of chromium trioxide 
and not more than 0-20 per cent of sulphates calculated as 
H 2 S0 4 together with limitations of other possible impurities, 
these in each case being determined by methods which must 
be specified. 

Chemistry of the Solution. As regards the original sub¬ 
stances from which the solution is produced, no solution could 
be more simple, containing only two constituents, chromic 
and sulphuric acids. The solution, however, well illustrates 
the general principle that while simple in original constituents, 
it may, and inevitably does, undergo changes of composition 
within a short period of operation. 

The two original constituents are well known. They need 
little or no further comment. Originally the chromium in 
the chromic acid is in what the chemist calls the hexavalent 
form. Soon, some of this is reduced at the cathode to the 
trivalent form either as chromium sulphate or chromium 
dichromate Cr 2 (Cr 2 0 7 ) 3 . The former compound is green in 
colour, and if present in any large quantity would produce a 
brown colour in the solution. Chromium dichromate, or 
chromium chromate as it is commonly called, is soluble and 
brown in colour, and is mainly responsible for the brown 
colour acquired by the solution after use. Either or both of 
these compounds are required in small amounts in the solu¬ 
tion. Neither of them is exactly stable under the condi* ions of 
operation of the solution. They are primarily formed by the 
reduction of the chromic acid at the cathode, this action always 
accompanying the deposition of the metal and even going on 
without it, while at the anode these two compounds are 
reoxidized to chromic acid. Anode and cathode reactions are 
therefore of an opposite character, but in this case they are 
not necessarily equal. It may later be possible to define and 
maintain the required conditions for exactly balancing these 
opposite reactions. At present, however, there is a tendency 
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to get too much of the trivalent chromium in the solution 
and therefore, also, the need to re-convert it to chromic acid 
by cutting out the cathodic reduction and allowing the anodic 
oxidation to proceed. This can be effected by the use of an 
inert cathode in a porous pot and passing the current. 

In addition, the solution takes up iron from several sources. 
This iron exists in the form of ferric dichromate Fe 2 (Cr 2 0 7 ) 3 . 
Small quantities are no disadvantage. When the iron is in the 
solution there is no easy method of removing it. In both of 
these dichromates there is a considerable pioportion of com¬ 
bined chromic acid which is not available for conducting 
purposes and is therefore out of action. 

The following analysis of a working bath illustrates this 


port ant point — 

Total Cr0 3 . 

. 414 gm. per litre 

0,0, 

. . 5*9 „ „ ,, 

Fe.O, 

31*9 ,, ,i ,, 

h,so 4 

314 „ „ ,, 

Free CrO a (by calculation) 

• 271 „ „ „ 

The free Cr0 3 is deduced in 

the following manner — 

Cr 2 O a combined with 

. 6CrO a 

153 

. 6 x 100*5 

5*9 grin ,, 

. X 603 = 23 gm. 

Fe a 0 3 „ 

. 6CrO, 

160 

. 603 

31-9 grin. 

• * 603 - 120 " 

Free Cr0 8 - 414-143 = 

Total combined Cr0 3 = 143 gm 

= 271 gm. 


Density of the Solution. The specific gravity of a wide range 
of solutions of pure chromic acid is given in Table No. 
LXIV. 

The figures deduced from this table by the observed density 
of the plating solution can, however, only be regarded as 
approximate, and generally serve to indicate the total amount 
of solids in the solution. In a new solution this will be almost 
entirely chromic acid. After working, however, considerable 
quantities of iron and some amount of trivalent chromium 
are bound to occur. Analysis is important to indicate their 
amounts. They first influence the density, but more important 
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still, their combination with chromic acid removes con¬ 
siderable quantities of the acid from the free and conducting 
form to the combined and practically non-conducting form. 
Examples have been noted in which poor operation of the bath 
was found by analysis to be due to undue amounts of iron 
and trivalent chromium with which was combined practically 

TABLE LXIV 

Strength of Chromic Acid Solutions 


Hydrometer 

Reading 


CrC 3 


Beau 

Twaddel j 

Sp. Gr. 

i Gm. 

per litre 

Oz. p< 
Imp. g 

i 

10 , 

14 • 

107 

100 

j 16 

11 

16 

108 

114 

18-2 

14 

20 1 

M0 

143 

22*9 

16 

24 

M2 

171 

27*4 

. 18 

28 

1*14 

200 

32 

20 

32 

116 

229 

36*6 

21 

34 

117 

243 

38*9 

22 

36 

M8 

257 

41-1 

23 ' 

38 

M9 

272 

434 

24 ; 

40 

1*20 

288 

46*1 

25 

42 j 

1*21 

301 

48 

°6 

44 

1*22 

316 

50*6 

27 ! 

46 

1*23 

330 

52*8 

28 

48 i 

1*24 

345 

55*2 

29 j 

50 

1*25 

360 

57*0 

30 i 

52 

1*26 

375 

60 

31 

55 

1*275 

400 

64 

34 

62 

1-31 

450 

72 

36*5 

68 | 

1*34 

500 

SO 

39 

74 i 

1-37 

, 550 

88 

41 

80 ! 

1*40 

1 600 

96 


the whole of the chromic acid present in the bath. Conse¬ 
quently, the free chromic acid is an important factor which 
requires periodical determination. 

In a case of a works solution analysis gave— 

Total CrO, ..... 262 gin. per litre 

H,S0 4 .... 4-64 . 

Sp. Gr. ^ 1*184. 

Corresponding content of 0rO 9 from Table ~ 263 gm. per litre. 
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Here there is good agreement. The small amount of H 2 S0 4 
present cannot seriously affect the density of the solution. 
The solution was comparatively new and contained only 
8*7 grm. of mixed Cr 2 0 3 and Fe 2 0 3 per litre, combined with 
approximately 35 grm. Cr0 3 . 

In another case, however, the density of the bath gave, 
not by the hydrometer, but by direct weighing, which is more 
accurate, the figure of 1*308. 

From Table LXIV the total content of Cr0 3 (omitting the 
sulphuric acid present) would be of the order of 450 grm. 
per litre. 

Analysis showed the following composition— 

Total CrO a ...... 335 gm. per litre 

Cr 2 O s .25 .. 

Fe z O,.32 .. 

H 2 S0 4 . . . . . 5 „ ,, M 

From which— 

Cr0 8 combined with Fe 2 O a =- 121 gm. per litre 

CrO, „ „ Cr 2 0 3 ^ 99 „ 

Total combined Cr0 8 .... 220 . 

Free Cr0 3 . . . . . 115 „ 

Specific gravity methods are here of little value. They apply 
only in cases of simple salt solutions with very few exceptions. 
The existence of complex compounds effects unexpected 
variations in specific gravity, and the density of a used 
chromium solution has therefore little or no value as an 
expression of the properties of the solution. 

Properties of the Solution. The application of the bent strip 
test readily shows the effect of a number of constituents, and 
varying proportions of even essential constituents. For this 
test, small volumes can easily be made up and “ doctored ” 
with various reagents to study possible effects. 

A pure chromic acid solution will be found to yield little or no 
metal on the cathode at even a current density of 150 amperes 
per sq. ft. The addition of sulphuric acid to the extent sug¬ 
gested in the usual formula at once rectifies this defect. A 
further addition of a like amount of acid at once produces a 
marked reduction of throwing power. The proportion be¬ 
tween the chromic acid and the sulphuric acid is of vital im¬ 
portance. Chromic acid (CrO a ) and sulphuric acid (HjS0 4 ) 
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are compared thus: The molecular (molar) weight of chromic 
acid is 100*5, while the comparative weight of S0 4 is 96, and 
its equivalent weight is 48. The usual comparison in the case 
of the Sargent solution is— 

Cr0 3 250 4- 100-5 50 

so; = ~ = t a pp rox - 

This is commonly called the sulphate ratio. Perhaps a 
more easily understandable ratio for the practical plater is 
that of— 

CrO^ __ 250 _ 100 
H 2 S0 4 ~ 2-5 ~ 1 

This sulphate ratio is of importance. Too often there is 
the tendency for it to become too low, due in part to the use 
of insufficiently pure chromic acid. Another source of added 
sulphate is that due to imperfect rinsing of the nickel plated 
work. This is seen in the fact that small amounts of nickel 
are often found in chromium solutions. The point calls for 
the most thorough rinsing after nickelling. 

Altering the sulphuric acid content one way or the other, 
producing a difference in either of these ratios, makes a 
profound difference in the behaviour of the bath, for there 
is a limited range within which this ratio may be allowed 
to vary. The wider the range the better, for it allows of 
greater variation of composition without serious effect on the 
working of the bath. The throwing power of a stronger solu¬ 
tion is definitely poorer than with one more dilute, and as this 
property is of the greatest importance to the electro-plater the 
solution containing 250 gm. per litre finds extensive applica¬ 
tion, following the recommendation of the Washington Bureau 
of Standards. 

Trivalent chromium and iron compounds also vary the 
amount of chromium deposited. Their approximate amounts 
in the solution should be known. Trivalent chromium is 
usually in the form of chromium dichi ornate. Its presence in 
any quantity is seen by the brown colour of the solution. 
A good red colour is indicative of its absence to any extent. 
The substance dissociates but slightly, producing trivalent 
chromium ions which, though essential, are not required to 
any large extent. By bad manipulation the solution may 
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acquire large amounts of this material, but it may be recon¬ 
verted to chromic acid by anodic oxidation, as has already 
been indicated. 

Iron is a frequent constituent of the bath. To a limited 
extent its presence is not harmful. In fact, even up to the 
extent of 6 gm. per litre, it is said to increase considerably 
the range of the sulphate ratio, and this, in itself, must, there¬ 
fore, be regarded as an advantage. An excess over this 
amount, however, diminishes the range of the sulphate ratio. 
This range is also slightly increased by the presence of tri- 
valent chromium, but not sufficiently to warrant a large 
proportion of this constituent in the bath. 

The possibility of increasing the throwing power of the solu¬ 
tion by additions to its composition appears to be extremely 
doubtful, and this difficulty is, therefore, usually surmounted 
by the application of a high current density. 

Solutions having a low chromic acid content, say down to 
150 gm. per litre (1A lb. per gallon), have a high resistance, 
and a narrow range within which the bright deposit can be 
obtained. 

Low throwing power can be to some extent compensated 
for by the use of subsidiary anodes. It is considered that tests 
on throwing power obtained with the bent strip give infor¬ 
mation which is quite comparable with that obtained under 
the strictest conditions of scientific tests. 

Maintenance of Solution. A constant check on the com¬ 
position of the solution must be kept. This is necessitated by 
the insoluble anodes used, and also the small variation of the 
proportion of chromic to sulphuric acids allowable. As far as 
analysis is concerned this is outside the simple type of test 
which can be undertaken in the workshop. It demands the 
skilled work of the chemist, and necessitates the determination 
of the free chromic acid, the combined chromic acid (which is 
not available for conducting purposes), the trivalent chromium, 
the iron, and the sulphuric acid. 

Of these estimations that of the free chromic acid is the 
easiest and possibly the most important, as this material 
is almost solely responsible for the conductance of the 
solution. With the guidance of Table LXIV of densities of 
chromic acid solutions some idea of the requisite amount of 
chromic acid to be added from time to time will soon be 
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gathered. The periodical chemical testing and the electrical 
conductance determination will be advisable. 

Removal of Excess Sulphate. Occasional analysis of the 
solution may show an increase in the sulphuric acid content. 
This can be corrected by the addition, with stirring, of freshly 
precipitated lead chromate, when— 

Lead chromate+sulphuric acid=lead sulphate+chromic acid 
H Cr0 4 + H 2 S0 4 = PbS0 4 + H 2 Cr0 4 
The lead sulphate is insoluble and separates out. The opera¬ 
tion, however, should only be conducted by one with some 
chemical knowledge of the quantities necessary. 

An alternative method involves the use of barium hydrate. 
As a commercial salt this has the formula Ba(0H) 2 .8H 2 0, 
this being equivalent to H 2 S0 4 . From a review of these 
equivalent quantities it can readily be calculated that 3*2 oz. 
of the barium compound will be required for the removal of 
1 oz. of sulphuric acid. From one and a half to twice this 
quantity must, however, be used, as there is also some pre¬ 
cipitation of barium chromate. The loss of the chromic 
acid is not important, and can readily be made good. In 
application it is a simple plan to remove the whole of the acid 
from a portion of the chromic acid bath rather than attempt 
to remove a portion of the sulphuric acid from the whole of 
the bath. Thus if the solution contains 5 gm. H 2 S0 4 and this 
is required to be reduced to 3gm. per litre, the elimination 
of the acid from two-fifths of the solution will serve the 
required end. 

Rectification of Trivalent Chromium. The reconversion of 
trivalent to hexavalent chromium is a process which naturally 
takes place at the anode and may be used for the reduction of 
trivalent chromium by enclosing a cathode in a porous pot and 
putting through the bath a considerable number of ampere- 
hours. 

In a test on these lines, the volume of solution treated was 16 
litres. A current of 100 ampere-hours was passed for one hour 
and continued for a second hour. Samples of the solution were 
tested at the beginning of the test and after each hour's running. 

The results (grammes per litre) were as follows— 

k initial after 100 amp. hre. after 200 amp. hrs. 

Fe,0, 34*4 36-8 35 

Cr 2 O a 15 5 130 11*6 




Fig. 86. “Redox” Dechbomator 
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While, therefore, the iron content gave reasonably constant 
figures, the Cr a C >3 was reduced in quantity according to ex- 



io. 87. "Redox” 
Dechromatob 


pectation. Further the current efficiency of 
the transformation is calculated as follows— 
Cr 2 0 3 + 30 = 2Cr0 8 

The chemical equivalent of 

Cr 2 0 3 is 153 4- 6 = 25-5 
and the E.C.E. = 0 0000104 x 25-5. One 


ampere-hour should therefore oxidize 
0*0000104 x 25*5 X 3,600 = 0*955 gm. Cr 2 0 3 . 

Over the period covered by 200 ampere- 
hour the production of Cr 2 0 3 amounted to 

16 x (15-o — 11-5) = 64 gm. 
from which the efficiency of the reduction is— 


64 x 100 
0*055 x 200 


33*5 per cent. 


This rectification is effected in the “ Redox ” 
Dechromator (Figs. 86 and 87) which com¬ 
prises four iron cathodes suitably disposed in 
a porous cell, which is nearly filled with the 
solution and hung on to the cathode bar by 
means of an automatic tightening hook. This 
can be put into operation either when the 
bath is working or not in use, the usual type 
of cell being capable of taking a current of 
200 amperes. 

The presence of iron in the chromium 
solution constitutes a problem for which 
there is no immediate answer. In small 


amounts it cannot be regarded as harmful, rather the reverse, 
but the same avenues for its introduction into the solution 


will, by continuous operation, sooner or later give rise to con¬ 
siderable quantities. The presence of iron leads to the produc¬ 
tion of deposits which are not capable of satisfactory finishing. 
Reckoned as a percentage of the chromic acid content, when 
♦ In* iron i'< of the order of 10 per cent, it constitutes a real trouble 
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and no method of removal can be satisfactorily applied to 
large volumes of solution. These therefore may have to be 
scrapped. The only remedy therefore is the complete exclusion 
of contact iron with the solution and also that the work treated 
should be instantaneously struck so that exposed iron may 
be as little acted upon as possible. Even when nickel-plated, 
much iron and steel work of a tubular character must of neces¬ 
sity expose some of the base metal. 

Removal of Iron by Drag-out. Considerable quantities of iron 
are, however, removed by drag-out, but this involves a corre¬ 
sponding loss of chromic acid unless a wash water is used for 
make up purposes. The following example of a large bath in 
which the chromic acid content was kept up to about 400 gm. 
per litre may be quoted. The solution was originally contained 
in an unlined steel tank. During the course of 14 months the 
iron content expressed as grammes Fe 2 0 3 per litre increased by 
fairly uniform ii\crements from 3*0 to 23*0. This latter figure 
represents a large amount of combined chromic acid apart 
from that already combined with trivalent chromium. 

The tank was then lined with lead, and glass plates installed. 
In the nine months following, the iron content fell uniformly 
from 23 0 to 5-7 gm. Fe 2 0 3 per litre, the reduction being 
entirely due to drag-out. When it is remembered that this 
same degree of drag-out was taking place even during the 
period when with the bare steel tank the iron content was 
building up, some idea of the more rapid growth of iron con¬ 
tent can be obtained. On the same basis there was during the 
first fourteen months a reduction by drag-out of 

(23 - 5*7) X 14 0 _ ,, n r . 

--—--= 27 gm. I e 2 0 3 per litre. 

y 

Without this concomitant reduction the total increase in iron 
content would have been 23— 3 + 27 = 47, giving a total 
iron content of 50 gm. per litre. 

Throwing Power. This is an all-important point in con¬ 
nection with chromium plating. The ordinary types of solu¬ 
tion do not throw well. With a low C.D. on irregular work the 
recesses may receive no appreciable deposit. The first require¬ 
ment is an increase in C.D., and in computing this it must 
be remembered that some parts of the work not receiving a 
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deposit may nevertheless be receiving current, thus lowering 
the C.D. on the more important parts requiring plating. While 
it is not intended to refer to the throwing power of the solution 
quantitatively, it may at least be said that modern devel¬ 
opments indicate the possibility of markedly increasing it. 
A number of factors militate against good throwing power. 
Some choice must be exercised in the metal to be plated. 
The nature of the cathode is critical. Copper, for example, is 
more easily chromium plated than iron and steel, and nickel 
less easily than copper. Iron and steel arc difficult to chro¬ 
mium plate, and the desirability of coating these metals with 
an intermediate layer of comparatively non-corrosive metal 
leads to the selection of nickel rather than copper. 

Test for Throwing Power. As has already been indicated, 
the method of the chemical analysis of the chromium solution 
is not one that can be completed in a short time. The esti¬ 
mation of the chromic acid is comparatively simple and quick. 
That of the sulphate content is, however, more difficult and 
tedious. Some rapid method of testing the solution is, there¬ 
fore, desirable. 

The bent cathode test, as it is called, gives some very useful 
information regarding the efficiency of the solution. This is a 
cathode of copper strip 1 in. wide and sufficiently long to 
allow 2\ in. to be immersed in the solution. The end inch of 
this cathode is bent at right angles so that the end projects 
towards the anode. Under ordinary circumstances, it is a 
more difficult proposition to deposit chromium into the re¬ 
cessed angle than on the projecting or flat portion. The 
throwing power of the solution is indicated by the extent to 
which the deposit, under standard conditions of temperature 
and current, is made towards this angle. Poor throwing 
power will be evidenced by inability to obtain a deposit easily 
in this remote portion of the cathode, while, conversely, with 
good throwing power it will be a simple matter to obtain a 
deposit in the angle of the bent strip. 

The bent cathode test has been described and applied by 
Pinner and Baker* in the study of the control of the chromic 
sulphuric acid ratio of the bath. The test as applied, gives an 
approximate but rapid idea of this value and is capable, too, 
of interpretation in the study of the effects of the presence of 
* Trans. Atner. Electrochem. Soc lv, 315 (1920). 
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other constituents such as iron and trivalent chromium in 
varying the conditions for successful deposition. 

An apparatus embodying this principle is shown in Fig. 88, 
in which will be seen the bent cathode test piece attached to 



Pig. 88. Bent Cathode Test 
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an ebonite-covered support so that its current passes through 
an ammeter. A sensitive voltmeter with cable for ready 
attachment to the anode bar gives the bath voltage. A perfect 
deposit in the recessed portion is indicative of a correct pro¬ 
portion of the essential constituents. Lack of chromium in the 
angle bend indicates insufficient sulphuric acid in a new solu¬ 
tion and/or excess of trivalent chromium in an old solution, 
while the appearance of a brown film on the edges or in the 
recessed position represents an excess of sulphuric acid which 
is, in small quantity, remedied by the addition of more chromic 
acid or, in larger quantity, by removal with barium hydroxide. 

Cavity Method. This method is applicable for rough 
estimates of the throwing power of chromium plating solu¬ 
tions. A thick copper plate is drilled to carry ten circular 
depressions 1 cm. in diameter with depths of from 1 to 10 mm. 
These are numbered according to the depth in millimetres. 
This plate is made the cathode in the solution and the throwing 
power expressed as the number of the deepest depression into 
which chromium has penetrated. This appears to be a satis¬ 
factory method of ascertaining whether the solution is up to 
its required standard. 

Vats. For small scale experimental work, vats of glass or 
stoneware will be found to be clean and useful. On the commer¬ 
cial scale the metallic tank will be required for its reduced cost 
and greater strength. Mild steel provides the best material. 

Mild steel plates are welded together. They should be about 
£ in. thick. Riveting and bolting are quite unsatisfactory. 
If there are any connections to be made, such, for example, 
as the introduction of a pipe conveying either hot water or 
steam for heating purposes, the connections should also be 
welded. The solution has subsequently to be heated. The 
vat, therefore, requires to be mounted on either a steel 
frame or a minimum of brickwork. To maintain the temper¬ 
ature some type of covering should be supplied. This may 
take the form of a simple brickwork chamber built round the 
tank, or even an external asbestos lining. Neither will present 
any difficulty to the plant constructor. If the tank is to be 
heated, this may be done by the application of gas jets not 
directly impinging on the bottom of the tank, but on to plates 
leaving a space of about 1 in. between the plate and the 
bottom. This is to ensure that there is no local heating of the 
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bottom of the tank as this, too, often leads to the attack of the 
chromic acid with thinning or even perforation of the plate. 

These steel tanks are now, in many cases, lined with glass, 
this being simply effected by hanging on the sides plates of 
glass with steel clips, the plates covering most of the area 
of the sides. They need not, however, pass right to the bot¬ 
tom of the tank. Their purpose is to expose less steel area to 
the attack of the solution and, in addition, to prevent short 
circuiting of the current from the anodes to parts of the work 
which are adjacent to the sides of the tank. Steel is slightly 
attacked by warm chromic acid. The slight loss of metal from 
the tank may not matter so much so long as the attack is not 
local, although the accumulation of iron in the solution is to 
be avoided if possible. The greater trouble is the possibility 
of short circuiting, and this definitely leads to the anodic 
attack on the sides of the tank at points at which the short- 
circuited current leaves the tank on its way to the work. 

Lead linings are sometimes used, but in this case the lead 
should at least be of chemical quality and as thick as the 
6 lb. type. Even then some protection against corrosion from 
stray currents should be guarded against by the addition of 
glass plates behind the anodes where the current is most 
likely to short circuit on to the lining. 

Practice now employs a water-jacketed tank. The advan¬ 
tages of this system are: (1) Uniform heating and therefore 
greater control over temperature, (2) elimination of risk of 
damage to tank which usually arises from direct contact with 
a flame, (3) the use of an uncovered steam coil in the Water 
replacing a lead-covered coil in the chrome solution with the 
absence of any chance of corrosion of the hot steam coil. 

Mounted on the steel tank, a substantial hardwood frame- 
provides a base upon which to mount the insulators carrying 
the anode and cathode bars. With the very heavy currents 
required for chromium plating these connections must be 
of a very substantial character; otherwise loss of power will 
occur with over-heating of the connections. Good contacts 
between the anodes and bars must be assured, the suspensions 
being by flat strips rather than by even thick wires of circular 
sections which only make very small contacts with the cathode 
bars. Hooks should be riveted to the anodes. All these con¬ 
tacts should be regularly inspected, overhauled, and cleaned, 
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as the unavoidable splashing of the chromic acid solution 
leads to the attack of all lead with the production of insulating 
lead chromate. Too particular attention cannot be given to 
this matter in view of the heavy currents involved in the usual 
chromium plating process. Similar remarks apply also to 
the cathode connections. 

Temperature. The temperature of operation of the solution 
is important. Cold solutions give dull and hard deposits, 
requiring excessive labour in finishing. These may, however, 
be required for special purposes not within the province of the 
work of the electro-plater. Warm solutions give much brighter 
and softer deposits sometimes requiring very little finishing 
after deposition. There are, therefore, limits of temperature 
between which the solution must be kept to produce the 
required deposit. With a rise in temperature there is a falling 
off in the amount of metal deposited per ampere hour. 

From the plater’s point of view it may be said that a tem¬ 
perature of 40° to 45° C. (104° to 113° F.) will be found to 
give good results. The watchful plater may find some variation 
from this range desirable for his particular purpose, especially 
with stronger solutions. Research-is to be encouraged and its 
results applied to the production of more specialized and more 
satisfactory work. 

Again, if 40° C. is recognized as a suitable temperature 
and with it current densities of about 100 amperes per sq. ft. 
can be used, an increase of temperature of 10° C. will almost if 
not entirely prevent the deposition of the metal at this C.D., 
and as high as 200 amperes per sq. ft. may have to be used. 

When a solution is used at a temperature such as that 
recommended for chromium deposition, there is bound to be 
some evaporation. This can be readily made good. Again, the 
use of a solution as heavy as that for chromium is necessarily 
attended by heavy drag-out losses, and it is therefore good 
practice to keep a small volume of rinsing water for the first 
rinse, which can be used from time to time for make-up water. 

Anodes. The decision as to the best type of anode has not 
been either a simple or a quick one. Anything in the nature 
of sh^et chromium is out of the question. Metallic chromium 
is not available in this form, nor is it likely to be. Its properties 
preclude this. Even in the lump form, in which it may be pro¬ 
cured, there are two serious objections to it. First, there is the 
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cost. Metallic chromium is obtained with difficulty from 
chromic oxide. As an anode the chromium is at once converted 
to chromic acid. It would, therefore, seem reasonable to 
supply the deposited metal by the addition of easily dealt 
with chromic acid, thus avoiding, for one thing, the high cost 
of extracting the chromium. Secondly, chromium as an anode 
is highly efficient. It dissolves quantitatively. Assuming, 
therefore, a current efficiency of 12*5 per cent at the cathode, 
eight parts of the metal by weight would be dissolved at the 
anode for one part deposited at the cathode. The solution 
would soon become saturated and unworkable. 

Lead anodes were therefore tried. These proved tolerably 
successful, except that they were prone to collect an insoluble 
and insulating film of lead chromate on the surface, this offer¬ 
ing a high resistance, necessitating frequent cleaning. Other¬ 
wise they would have proved acceptable. The difficulty was 
then got over by taking out the anodes when the solution 
was not in use. This, again, was not ideal. The anode con¬ 
tacts must be substantial, and, therefore, once made, cannot 
readily be interfered with. 

Finally, the difficulty has been got over by the use of chem¬ 
ically pure lead which has first been peroxidized by making 
it the anode in a solution of sulphuric acid. A lead cathode 
may be used. In a short time the lead anode is covered with 
a uniform brown and conducting layer of lead dioxide (PbO a ) 
which prevents attack by the chromic acid, so that the anodes 
need not be removed from the solution except only occa¬ 
sionally. 

Steel anodes have also been tried. They suffer the disad¬ 
vantage of being attacked by the solution, the iron becoming 
soluble in the form of ferric dichromate. This locks up 
chromic acid in a combined form which is then not available 
for conducting purposes, and, moreover, may introduce un¬ 
desirably large amounts of iron into the solution. 

With regard to the size of the anodes, the old suggestion 
of having as large anodes as possible again does not hold here. 
Large anode surface is productive of edge burning, while a 
more uniform distribution of current on the cathode results 
from a smaller anode surface. In addition, the smaller anode 
has the effect of encouraging deposition in the centre of the 
work, which is particularly desirable with large flat surfaces. 
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Several other suggestions for anode materials have also been 
made. Stainless steel is one. With this it might be arranged 
to dissolve chromium as fast as it is deposited, but there would 
also be the undesirable solution of the iron. Lead containing 
about 8 per cent of antimony makes a good anode, and is 
in successful commercial use. This might be anticipated from 
the use of this alloy in the lead accumulator. Whatever lead 
chromate forms on its surface is readily removed by brushing, 
the layer of antimony oxide preventing its firm adhesion. 

Experience has, however, brought to light a number of 
mysterious and unaccountable breakdowns in the use of 
antimonial lead both for the purposes of anodes and linings for 
tanks. Severe local pitting occurred suggesting irregularity of 
composition of the alloy, though no trace of this could be 
proved by analysis. 

Experience here goes to confirm the general resistance of 
this material to corrosion, though occasional lapses have been 
recorded. In addition it appears that precipitated lead 
chromate is much less adhesive to tellurium lead than to 
ordinary chemical lead. 

Within recent years an alloy of lead with 0*2 per cent of 
tellurium has come into prominence owing to its good mechan¬ 
ical properties and also resistance to chemical corrosion. 

Its possibilities as a new anode material for chromium 
deposition are under investigation and there appear good 
prospects of this material meeting, very satisfactorily, the 
requirements of this very corrosive solution. From the limited 
experience so far available, it has been observed that the 
material quickly assumes a rich brown adherent coating of 
the di-oxide with very little evidence of the formation of lead 
chromate. The present results are promising. 

In order to keep down the anode surface the use of metal 
strip is resorted to. Such anodes can be conveniently placed 
to produce the required distribution of the current, and may 
well have about two-thirds of the area of the cathode. 

Current Density. Chromium deposition is unique in the 
very high current densities usually employed to obtain com¬ 
mercial deposits. Sargent at first recommended a C.D. of 
92 amperes per sq. ft., and while good deposits may be obtained 
with this or an even lower figure on flat work, experience has 
determined that for more irregular work with which the 
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plater will come into contact a higher C.D. will be found 
desirable. The more usual figure, therefore, is of the order 
of 100 to 200 amperes per sq. ft., dependent upon a number of 
conditions such as concentration of the solution and its tem¬ 
perature. For general work in the solution recommended, a 
C.D. of 100 to 150 amperes per sq. ft. will be found to suffice. 
From this simple starting figure the experienced plater will 
soon find if any variation is necessary. Depending on the 
nature of the work, temperature and inter-electrode distance, 
it may be stated that on an average this C.D. will be obtained 
with from 5 to 6 volts, and this figure, once determined for 
work, the surface of which can be approximately computed, 
can then be adhered to, and somewhat increased upon work 
of an irregular type to guarantee getting down into the more 
remote parts. 

In this connection, reference may be made to the variation 
of conditions necessary with a stronger solution. Such a 
solution is more conductive. The required bright deposit is 
obtained with a lower current density, and this results from 
a lower P.D. In fact, in a solution containing as much as 
500 gm. of chromic acid per litre it may be necessary to use 
a current density as low as 80 amperes per sq. ft., with a 
P.D. of 4 to 5 volts and a temperature of 35° to 40° C. (95° to 
104° F.). 

Current Efficiency and Weight of Deposits. Again, a further 
feature of the chromium solution is the surprisingly low 
current efficiency. With a cold solution it may go up to 30 to 
40 per cent—not more—while the deposit is dull and hard. 
With warmer solutions the efficiency falls appreciably, until, 
at temperatures in common practical use, it is probably not 
more than 12 to 15 per cent, this again depending upon the 
nature of the cathode metal. At 15 per cent 1 ampere-hour 
deposits 0-05 gm. of chromium, but the low current efficiency 
is largely compensated for by the high current density, so 
that deposits of commercial thickness are obtained in reason¬ 
able times. 

At the time of writing, no definite thicknesses of deposits 
have been adopted as recognized standards to withstand the 
usual service of wear and tear and atmospheric corrosive 
conditions. The matter has, however, been under the con¬ 
sideration of the United States Bureau of Standards, wfco 
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have tentatively adopted the following figures for plumbing 
fittings, assuming a current efficiency of 12-5 per cent. 

(а) For Direct Plating on Brass. A thickness of 
0-0002 in. (0-005 mm.) equivalent to 0-112 oz. per sq. ft. 
(0-340 grm. per sq. dm.). This would require about 80 ampere- 
hours per sq. ft., equal to 48 minutes plating at 100 amperes per 
sq. ft., or 24 minutes plating at 200 amperes per sq. ft. 

(б) Chromium Plating on Nickel or Brass. The nickel 
deposit is to be 0 0002 in. (0 005 mm.) and the subsequent 
chromium deposit 0 00002 in. (0 0005 mm.). The following 
table shows the relevant data for the production of such 
deposits— 

TABLE LXV 

Thickness of Chromium Deposits 


Deposit 

Thickness 

1 

Current 
Ah per 
sq. ft. 

i 

Weight 
oz. per 
sq. ft. 

Obtained by 

Nickel 

0 0002 in. 


0143 

5 A per sq. ft. 
for 1 hr. 
or 

10 A per sq. ft. 
for } hr. 

Chromium 

0 00002 in. 

8 

0011 

100 A per sq. ft. 
for 5 min. 
or 

200 A per sq ft. 
for 2} mm. 


The nickel deposit tallows for 20 per cent loss by buffing. 
The chromium deposit allows for a current efficiency of 
12£ per cent. 

Other American* specifications for the thicknesses of 
chromium deposits and their undercoats are as follows— 



! Copper 
and 

| Nickel 

I Final 

j Chro- 

Salt 


j Nickel 

miuin 

Spray 

General Service 

. ! 00076 in. 

•0004 in. 

•00002 in. 

48 hours 

Mild Service 

. 1 0004 in. 

1 

•0002 in. 

■000012 in. 

12 hours 


* Dr. Blum; the American Electroplaters* Society; and the 
American Society for Testing Materials. 
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Considerable importance attaches to the final coat of nickel, 
while copper as an undercoat should not be in contact with 
the steel but serves merely as a thickener of the nickel under¬ 
coat. In any case the chromium deposit can only act as a 
protection against tarnish and not against corrosion. 

It must, however, again be pointed out that mere thickness 
is not the sole criterion of good plating. 

Application of the Current. Chromium plating demands, 
as has already been seen, a very high current density, and the 
design of the whole plant, including the generator, must be of 
the most ample proportions. 

In almost every case striking the work must be resorted to. 
Few metals withstand the corrosive action of chromic acid, 
the usual run of metals rapidly dissolving in it. They may 
not, therefore, be left standing in the solution, and the con¬ 
nections must be arranged so that current is applied as the 
work enters the bath. Machines are called upon to supply 
heavy currents, and must have plenty of reserve power 
to enable them to do so without undue shock. Machines of 
1000 amperes are common, while much larger types are occa¬ 
sionally employed. The introduction of a large piece of work at 
once demands the consumption of a considerable bulk of energy. 

Cathode connections, too, must be amply proportioned. 
Even half a square foot will require nearly 100 amperes, calling 
for substantial connections, slinging wires and contacts with 
the work. In the absence of the latter, considerable heat will 
be developed at the imperfect contact, with possible melting 
of the wire. If the slinging wire protects a small portion of 
the work from receiving the deposit the wire must be shifted 
during the operation. 

Types of Deposit. Three well defined types of deposit are 
produced in chromium plating, differing more markedly than 
with most electro-deposited metals. These depend upon the 
sum of the conditions. Dealing first with current density, a 
low C.D. produces a bright matt deposit, sometimes referred 
to as milky . This deposit is extremely thin, and of no com¬ 
mercial value. Increasing the C.D. changes this deposit to 
one which is bright, hard, and lustrous, requiring little finish¬ 
ing after removal from the bath. With further increased cur¬ 
rent the deposit changes to a matt which, while dull, is capable 
of being polished, with some labour. With the same current 
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density at varying temperatures it is possible to produce the 
dull, hard deposit in the cold solution, this changing, too, 
with elevation of temperature to the bright, lustrous deposit, 
and at still higher temperature to the thin, milky deposit. 
Combining these two factors, it will be seen that there is a range 
within which the required lustrous deposit can be obtained, 
and this again varies with the composition of the solution. 
It is advisable, therefore, to start with the solution recom¬ 
mended, and explore the conditions for obtaining the required 
deposit. This experience is of far greater value than a mere 
statement of the conditions for many types of solutions. A 
fullappreciation*of these principles will go a long way towards 
fixing the conditions for successful work. They will show 
that while a temperature of 50° C. (122° F.) is desirable when 
working at 200 amperes per sq. ft., about 45° C. (113° F.) will 
be more useful at 100 amperes per sq. ft. 

Similar tests should now be made with the different metals 
which are likely r to constitute the cathode material. There 
can be no better method of tackling the problems which must 
come up before the chromium plater than that of acquiring 
his knowledge from some systematic experience. 

Some Points in Chromium Plating. It is recognized that it 
is difficult to deposit other metals on chromium. The reason 
is much the same as that for aluminium. There is, on the 
chromium surface, an infinitesimally thin film of oxide, difficult 
to remove by any method other than that of treatment with 
HC1. This oxide is not dissolved by other metals, though 
soluble in chromium. To plate chromium on to chromium is, 
therefore, an easier proposition than that of putting nickel 
directly on to old nickel. 

The deposition of chromium was at first attended by a 
number of difficulties which experience has now surmounted.* 

One of the early troubles with chromium plating on brass 
was a very pronounced flaking of the deposit. This was at 
first suggested to be due to what the metallurgist calls de- 
zincification , the solution of the zinc? from the brass. It has 
been shown, however, that many chromium deposits, other 
than those put on to brass, exhibit a like phenomenon. Hair¬ 
like lines appear in the deposit. These are more probably due 


./. Elerttorlrpo *. Tech . Sor . 1935. \, I (57. 
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to the crystalline structure of the underlying metals. All 
metals are more or less crystalline. Cast metals have larger 
crystals than worked metals. The fine metal between these 
crystals is invariably more susceptible to attack than that of 
the crystals themselves. This is where the trouble originates, 
leadihg to the flaking of the deposit. Nickel-plating covers all 
the defects in the basis metal, but the nickel deposit must be 
of the right type. No ordinary nickel deposit will withstand 
the corrosive action of the chromic acid and the strong cur¬ 
rents used in putting the chromium on. The fact that a nickel 
deposit can be satisfactorily buffed constitutes no guide as 
to its suitability for this purpose. These deposits must, in 
addition to being thick, show no sign of internal stress, and 
must have been produced under conditions under which the 
minimum amount of hydrogen is deposited. They must be of 
a softer type than those usually required to withstand ordinary 
wear and tear of service. 

Another important feature of the process is that of racking 
the work. Substantial connections, often soldered, must be 
made, and those engaged in chromium plating on a large 
scale are bound to give attention to this matter if their work 
is to be turned out quickly and satisfactorily. 

Manipulating the Work. As has been stated, the process 
calls for special methods of handling the work usually requir¬ 
ing plating. This is occasioned by (1) the high C.D. employed; 
(2) the poor throwing power; and (3) the large volume of gas 
generated. 

The high C.D. demands special care in the size of suspen¬ 
sion wires and their manner of contact. Wherever possible, 
these should be screwed or soldered. For lamp reflectors, rings 
and radiator shells, special racks or frames should be con¬ 
structed, and arranged to give large contacts up to 75 or 80 
per cent of the circumference of circular parts, to guarantee 
uniformity of deposition. If the article cannot be racked, it 
will be necessary to move the suspension wire to avoid the 
marks due to the protective effect of the suspension wires. 
These wires should be of sufficient thickness, to enable them 
to carry the currents without undue heating. If heating 
occurs there is obvious waste of energy, and the current is being 
unnecessarily reduced. 

The poor throwing power will call for the extended us*» of 
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subsidiary anodes opposite recessed parts, and many diffi¬ 
culties of plating will thus be overcome. In other cases shaped 
work can be best dealt with by the use of similarly shaped 
anodes, and the usual lead anode readily lends itself to this 
adaptation. Bent lead strips are very serviceable for this 
purpose. These can be introduced into the bath by auxiliary 
bars resting across the usual anode bars, but covered with 
insulating tape at points near possible contact with the cathode 
bars. For radiator shells the anodes can be thus conveniently 
made to follow the contour of the shell. 

Again, holes in the work cause some trouble by reason of 
the gas deposited within them escaping, and thus curtailing 
deposition over a small area around them. It is convenient 
to fill up such holes with cork or wood bungs. For other pur¬ 
poses of insulation, materials like plasticine and a paste made 
from red lead and glycerine are useful, while the points of 
first contact of slinging wires with the work may be advan¬ 
tageously covered with insulating tape to prevent undue 
deposition at these points, with burning and loss of metai 
on other parts. Inside surfaces may be dealt with in much 
the same way as in silver-plating, by the use of auxiliary 
anodes either of shaped lead or even iron wire, due care 
being taken to prevent short circuiting at possible points of 
contact. 

Where a small portion of the surface has failed to receive 
a deposit the usual process of “ doctoring ” may subsequently 
be resorted to. The “doctor” may be made of iron wire 
covered with asbestos cotton, and connected to the positive or 
anode rod. The chromium solution is comparatively rich in 
metal, and can therefore safely be used in this manner. In 
subsequent buffing, however, care must be taken to deal more 
gently with these parts, as the doctored deposits will be thin. 

Plating Die Castings. Much work of this description is now 
required. There are several precautions which should be 
observed. Nickel-plating will precede the chromium depo¬ 
sition. In originally cleaning the articles, care should be taken 
that, if an electro cleaner is used, the alkali content should be 
kept low. Otherwise zinc will be dissolved and will be re¬ 
deposited on the work. This leads to stripping of the nickel 
deposit, especially under the rigid test of the chromium¬ 
plating. Furthermore, the acidity of the nickel bath should 
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be kept down to avoid the deposition of hydrogen, which 
produces stresses in the deposit, with the tendency to 
peeling. 

Deposition of Sheet Chromium. It is possible that many 
new applications of chromium deposition have yet to be 
explored and exploited. The production of the deposited 
metal in the sheet form has already been investigated. Thus, 
Roberts* produced deposits on a rotating cylindrical brass 
cathode with a hemispherical end to a thickness of about 
one millimetre. Depositing conditions were those obtaining 
in normal practice and deposition continued for 168 hours. 
The efficiency of deposition was 13*4 per cent under the usual 
reckoning. Subsequently, the deposits were removed by slit¬ 
ting the deposit with a sharp, high-speed rotating carborun¬ 
dum wheel, and dissolving away the brass cylinder with nitric 
acid. The deposits were hard and brittle, and were softened 
by heating in hydrogen to a temperature of 1600° to 1700° C., 
afterwards removing the hydrogen absorbed by evacuation at 
900° C. 

Black Chromium. Another variation of chromium deposi¬ 
tion is that of the production of a black deposit, after the 
style of the platinum black deposited upon many electrodes 
used in electro-chemical w ork. Ollardf describes the deposit 
as one which is “ burnt. It was obtained from a solution 
of normal composition, from which, however, the sulphate 
content had been removed by the usual method of the addi¬ 
tion of barium chromate. A high current density was neces¬ 
sary and was produced by a voltage of from 12 to 16 volts. 
For this purpose the solution is kept cold, and with so high a 
C.D. artificial cooling may be necessary. While the result was 
at first not particularly promising from the point of view of 
a black finish, there may be possibilities in other directions 
such, for example, as the grids of thermionic valves. Further, 
adhesion presented a problem, in addition to which, resistance 
to wear seemed not too promising. 

Stripping Chromium Deposits. Again both electrolytic and 
dip methods are used. 

Electrolytic. 

Solution. An ordinary alkaline cleaner may be used for this 

* J. Electrodepoa. Tech. Soc. t 1937, xii, p. 111. 
t J. KlectrodepoR. Tech. Soc 1937, xii, 33. 
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purpose, provided that it is not too alkaline. The chromium 
deposit is made anode in the hot (180° to 200° F.) solution, 
when the deposit passes off into the solution as yellow sodium 
chromate. 

Dipping is much more frequently resorted to. For this 
purpose hydrochloric acid composed of equal volumes of the 
strong acid and water will be found readily to remove the 
chromium deposit with little or no attack on the basis metal. 
This method is quick and convenient. 

Recovery of Chromium Compounds. With a large plant 
there may be a considerable loss of chromium in waste liquors. 
Its recovery may prove a commercial proposition. In a recent 
example Hoover and Masselle* endeavoured to avoid a loss 
of 100 lb. of chromium per day by reduction of the chromic 
acid in the waste liquor with scrap iron. Alternatively sulphur 
dioxide could be used or even barium sulphide, after which 
the liquor, made alkaline, precipitates chromium hydroxide. 
The method is being tried out on from 40,000 to 100,000 
gallons of liquor per day. 

Health Hazards. Chromium deposition is unique in yet 
another way. The anodes are insoluble, and therefore all the 
current is there expended in producing and evolving gas, viz. 
oxygen. At the cathode the current efficiency is of the order 
of 12 \ per cent, meaning that some seven-eighths of the 
cathode current also produces gas, hydrogen. Thus it may be 
said that fifteen-sixteenths of the current is engaged in 
producing these gases. When pure the gases are harmless. From 
the strong chromium-plating solution, however, they produce 
considerable quantities of spray, which, passing into the 
atmosphere, renders it quite unfit for inhalation. Some steps 
to protect the worker are not only necessary, but are enforced 
by the health authorities. No plant should be installed with¬ 
out being submitted to competent advice prior to inspection 
by the authorities. 

The dangers attending the use of chromium compounds 
arise from the handling of the material, both in the solid and 
solution form, and also from the inhalation of the spray arising 
from the bath. 

Both the skin and mucous membranes are severely affected. 
On the skin chromic acid gives rise to dermatitis, which usually 
* Amer. Chem. Soc., 1941. 
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takes the vesicular form. The hands are usually affected as 
being more exposed. Another form of attack is that of chrome 
holes, which arise at cracks or injuries to the skin. In its 
initial stage the attack is without pain, but the sores are long 
in healing. 

By inhalation the nasal septum may be perforated following 
irritation. The perforation is permanent, though there is 
seldom appreciable loss of blood. 

The whole problem has been carefully explored by the 
thorough examination of large numbers of workers engaged 
in the chromium industry, and a number of preventive mea¬ 
sures are available. 

In the first place it is desirable that chrome plating be 
kept apart from other parts of the works, and other workers 
not admitted to it unless necessary. (It is equally desirable 
that, from other points of view, the chromium-plating solution 
should be kept quite away from other plating solutions.) 

Further, cleanliness should be carried out to the last degree, 
all spillage being cleaned up as soon as possible. Some protec¬ 
tion can be gained by the use of several types of protective 
clothing, but rubber gloves and boots must be prevented from 
picking up small quantities of the solution, otherwise they are 
even worse than useless. We are past the day when goggles 
find application, as prevention is now carried out in most 
cases to a satisfactory degree. Protective ointments such as 
lanoline may be used by well rubbing into the skin prior to 
engaging on the work of the day. 

Ventilation, however, constitutes the main source of 
protection. 

This chromic acid spray is particularly irritating to the 
mucous membrane. x\dequate ventilation, both of the vat 
and the room, is essential. Many schemes have been put into 
operation to maintain a sufficient purity of the atmosphere. 
In the early days it was thought sufficient to cover the tank 
by means of a hood provided with an exhaust fan. The hood, 
however, was a serious obstacle to handling work. Other 
suggestions included slotting the tubes which formed the elec¬ 
trode “bars” underneath, connecting these tubes to a fan 
and dispersing the fumes in this way, catching, as it were, 
the fumes immediately they rise from the anode and cathode 
liquids. 
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Yet another scheme provides for an exhaust system, which 
comprises slots in the sides of the tanks above the level of the 
liquid, and leading into channels which are ventilated by 
suction from a fan. 

This equipment, illustrated in Fig. 80, comprises an exhaust 
duct running along each side of the plating tank and ter- 



Fio. 89. Chromium Plating Tank with Exhaust Equipment 


minating in a solution recovery chamber situated at one end 
of the tank. This duct rests on the top of the angle iron 
framework of the tank, and presents a flat surface, giving the 
operator easy access to the work rods. The spray to be 
exhausted is drawn through a series of £ in. slots, and, passing 
through the solution recovery chamber, continues through a 
motor-driven fan to the air outlet. The collected spray is 
periodically removed from the solution recovery chamber and 
returned to the tank. The average air velocity at the duct 
mouth is of the order of 2000 ft. per minute. Low-speed 
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multi-blade fans are to be preferred on account of their com¬ 
parative noiselessness, this easily compensating for their 
slightly increased power consumption. 

Another difficulty attaching to the use of chromic acid is 
the development of sores where the acid comes into contact 
with the broken skin. It behoves the worker to exercise some 
oare in the preservation of his hands, attending to any sores 
by means of a suitable dressing under a waterproof cover. In 
any case, the use of rubber gloves for this work is highly 
recommended. 

On the smaller scale it has been found possible to eliminate 
the spray nuisance by covering the surface of the solution 
with a layer of paraffin oil about a quarter of an inch in 
depth. The spray is filtered out as the evolved gases pass 
through the oil, which should have a sufficiently high flash 
point to be free from danger of ignition by unavoidable spark¬ 
ing when making and breaking the current. Such oils are 
readily available. As far as we are aware, however, the method 
has not yet been applied on any scale. 

The problem of medical supervision has engaged the atten¬ 
tion of the Home Office authorities, and elaborate rules are 
now enforced. Action is taken to detect any troubles in their 
initial stages and then combat them, and the worker is pro¬ 
hibited from further work until the trouble has been to a large 
extent remedied. It has been suggested, however, that it is 
well for the worker not to stay away until the recovery is quite 
complete, as a lengthy absence from the work engenders 
susceptibility to a recurrence of the trouble. 

Finally, methods have been developed for the estimation 
of the chromic acid content of the atmosphere, and definite 
limits set to ensure the maximum of security to those engaged 
in the industry. 

Applications of Chromium Plating. No other deposited 
metal has, in the course of electro-metallurgical history 
found such an immediate and wide range of application as 
chromium. 

Three properties of the deposit are mainly responsible for 
this— 

1. Resistance to corrosion under most conditions, with the 
exception of the action of hydrochloric acid fumes. A wide 
field of use is thus at once opened. 

*3—(T.5646 
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2. Its high polish, adding the note of decorative effect. 

3. Its extreme hardness, deposited chromium being one of 
the hardest metals yet produced. 

All types of domestic metal work are thus submitted to the 
process, including mirror frames, and plumbing supplies. 
Automobile parts provide another wide application. Tarnish¬ 
ing does not occur. Some deposits of dirt may accrue due 
to splashing. These are readily removed by wiping with a 
soft duster. No abrasive is required, as with nickel, with 
which corrosion goes into the metal instead of residing on its 
highly polished surface. Taps, for example, when brightly 
finished, endure for an indefinite time, and show little signs of 
deterioration. 

Service, in addition to appearance, is supplied by chromium 
deposits, and automobile parts thus treated include bumper 
bars, radiators and lamps. The chromium is readily recognized 
by its continuing bluish lustre in contrast with the quickly 
dulling and yellowish nickel. 

Moulds used in the manufacture of rubber goods are, when 
chromium-plated, stable against the action of the chemicals 
used in the process of vulcanization. Steel moulds used in the 
mass production of bottles endure much longer without clean¬ 
ing when previously chromium-plated, and the life of 
chromium-plated printing plates is increased manifold. As a 
mirror surface, chromium is stated to be not quite so good as 
silver, but very much more permanent. 

These examples suffice to show the extraordinary range of 
applications at once served by successful chromium deposi¬ 
tion. The metal has undoubtedly extended the lease of the 
industry of electro-deposition. 

The throwing power of the chromium-plating solution, 
with the very low current efficiency, is necessarily very poor 
and quantitatively always has a negative value. Practically 
the only improvement which can be effected is that which 
relates to the disposition of the anodes. As far as possible, 
then, these should be parallel and far apart. Subsidiary anodes 
should be used for deeply-recessed parts, while the more 
prominent parts can be shielded from excessive current by 
interposing insulating shields. In addition, the work can be 
so wired as to bring the current more readily to the recessed 
parts, any resistance of the work being used to minimize 
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the current passing to the conspicuous parts. By these or 
similar methods there will be some prospect of getting the 
same type of deposit all over the work. 

There is, however, evidence that, ere long, the composition 
of the chromium solution will be modified to admit of cold 
working, with lower current densities and a much improved 
throwing power. 

Hard Chrome Deposition. Of all the industrial applications 
of chromium deposition none can compare with that associated 
with engineering—a somewhat wide term. It is commonplace 
knowledge that the deposit is exceedingly hard, and therefore 
able to make a valuable contribution to the construction of 
parts which, in the course of use, undergo abrasion and yet 
are required to maintain their dimensions. The, at first decora¬ 
tive, claim of chromium deposition has more recently given 
place to that for engineering, and bids fair to hold the field 
long after the exigencies which gave it birth. The long-felt 
need for harder surfaces for all manner of tools including dies, 
punches, gauges, etc., is now supplied by this hardest of 
metals applied by electrodeposition. 

The solution commonly used for this purpose contains from 
250 to 300 gm. of chronic acid per litre, with 21 to 3 per cent 
of sulphuric acid. Trivalent chromium needs control as, in 
the plating of some tools, it tends to increase sufficiently to an 
extent which decreases the efficiency of chromium deposition 
and also its rate. The solution temperature is of the order 
of 120° to 150° F. with a C.D. of 150 to 250 amps, per sq. ft. 
Numerous points come up for consideration in this class of 
work. One of these is the jigging of the tools, which calls for 
some ingenuity in order to achieve the maximum amount of 
work in a limited vat space, with the best exposure towards 
the anode surface of those portions to be plated. Thickness 
of the deposit is not always important, as it has been found 
that all the necessary hardness and wearing qualities can be 
produced with very thin deposits, which can be of use only in 
the case of screw gauges on which it is difficult to obtain any 
uniformity of deposition. 

In some cases, the work is etched by anodic treatment in 
the chrome bath, with a quick reversal of the current for 
deposition. There is some building up of the iron content by 
this method, but experience goes to show that this increase 
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in iron soon attains a maximum which is not detrimental to 
the deposition. 

Current efficiency runs up to about 16 per cent. Thinner 
deposits of the order of 0*003 in. are subsequently lapped 
before going into service, while thicker coatings up to 0*012 in. 
are both ground and lapped. It is natural that differing 
methods will be applied to different classes of work and also 
to special requirements. 

The effectiveness of the process is readily appreciated when 
it is claimed that the life of tools may be increased up to 
twenty-five times, and most commonly up to ten times or 
more. This more economical use of special tool steels and the 
speed with which tools may be restored for service, provide 
ample incentive for the use and further development of the 
application of chromium plating as an important adjunct to 
the toolmakers’ art. 

Continued use of a chromium solution in this, as in other 
examples, necessitates a watch on the sulphate content as 
well as, in some cases, the iron content. The removal of the 
latter impurity on a large scale is not at present a practical 
proposition, but in order to avoid the need for scrapping the 
solution, portions of it can be removed from time to time and, 
after the removal of the sulphate content, the solution can 
be passed on for use in the usual process of anodizing thereby 
minimizing waste. 

Much more appears to be on hand in this important develop¬ 
ment of electro-plating as applied to so important an industry 
as engineering. Time and more convenient opportunities will, 
however, be required to make these developments more 
widely known. 

Deposition of Chromium from Trivalent Chromium Solutions. 

This is a problem which has not been left unexplored.* There 
are some admitted disadvantages in the strong chromic acid 
solution which has attained such wide application. Many 
attempts have therefore been made to substitute solutions of 
chromic compounds in which the chromium is trivalent. It 
has to be admitted, however, that any success in this direction 
has been small, but at least one advantage would be that of the 

• Schlatter Proe. 1st I.E.C., E.T.S., March, 1937. 

Britton and Westcott: J. Electrodepos, Tech . Soc., 1932, vii, 33; 
ibid.. 1933, viii. 51. 
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larger electro-chemical equivalent and thus, with the same 
current efficiency, double the rate of deposition of chromium 
from trivalent compound solutions. 

Analysis of the Solution 

The chromium solution has originally two chief constituents 
—chromic and sulphuric acids. After use, a number of new 
compounds are developed, these including those containing 
trivalent chromium and also iron, this being introduced either 
by the tank, anodes or work. Their influence has already been 
referred to. Generally, the relevant analysis will include 
determinations of chromic acid, sulphuric acid, trivalent 
chromium and iron, and from these the free chromic acid can 
be approximately calculated. 

Total Chromic Acid. To bring it into line with the usual 
type of standard solution, the chromium solution has to be 
diluted about 25 times. Take 10 c.c. of the bath and dilute to 
250 c.c. This constitutes a stock solution for all the analyses. 
For the chromic acid test two standard solutions are required. 
They are— 

N/10 FeS0 4 .(NH 4 ) 2 S0 4 .6H 2 0 containing 39*2 gm. of the 

salt per litre. 

N/10 KMn0 4 containing 3*16 gm. per litre. 

The ferrous solution is an accurate standard. The perman¬ 
ganate is made up approximately and standardized by refer¬ 
ence to the ferrous solution. 

Standardization of KMnO x . Take 10 c.c. of the ferrous 
solution into a conical flask, dilute, and add dilute H 2 S0 4 . 
Run in the KMn0 4 solution from the burette till, after shaking, 
there persists the faintest trace of the violet permanganate 
colour. The reaction is as follows— 

2KMn0 4 + 10FeS0 4 + 9H 2 S0 4 = 

5Fe 2 (S0 4 ) 3 + 2KHS0 4 + 2MnS0 4 + 8H 2 0 

The permanganate oxidizes the ferrous to a ferric salt. While 
the double sulphate is the most convenient for the purpose, 
the ammonium sulphate remains indifferent to the reaction. 

Assume that 10 c.c.Fe solution require 9*5 c.c. KMn0 4 . 
The KMn0 4 is obviously stronger than N/10 and requires 
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dilution to the extent of 0*5 c.c. water to 9*5 c.c. KMn0 4 . 
The two solutions then exactly balance. 

Estimation of Total CrO v Take 10 c.c. of the stock solution. 
Add dilute H 2 S0 4 . Add N/10 ferrous solution 10 c.c. at a time 
until the original red colour has completely changed to green 
without any trace of brown in it. A portion of the ferrous com¬ 
pound has been oxidized by the chromic acid and the remainder 
is now estimated by KMn0 4 which is run in from the burette 
until there is a distinct change of colour from green to puce. 
The oxidation of ferrous by chromic acid takes the following 
course— 

2Cr0 3 + 6FeS0 4 + 6H 2 S0 4 

= Cr 2 (S0 4 ) 3 -) 3Fe,(S0 4 ) s + 6H 2 0 

Hence 2Cr0 3 == 6FeS0 4 = 6FeS0 4 .(NH 4 ) 2 S0 4 .()H 2 0 
201 0 x 392 


from which 

1 c.c. standard ferrous solution 


201 X 39-2 
6 X 392 X 1,000 


= 0-00335 gm. Cr0 3 


The following figures are taken from a worked example— 
10 c.c. stock solution 
30 c.c. standard ferrous solution 
2 c.c. standard KMn0 4 

therefore c.c. ferrous solution oxidized by the Cr0 3 

= 30 - 2 = 28 


from which 

Gm. Cr0 3 per litre original chromium solution 


0-00335 X 28 250 


10 


10 


^ = 235 


This test is readily carried out. 

Estimation of Trivalent Chromium and Iron. 50 c.c. of the 
stock solution are treated with excess of ammonia solution. 
This ppts. the trivalent chromium and iron as their hydroxides 
[Cr(OH) 3 and Fe(OH) 3 J. Excess of ammonia is boiled off to 
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ensure complete pptn. of the trivalent chromium, as Cr(OH) 3 is 
appreciably soluble in excess of ammonia, giving a violet solu¬ 
tion. Filter. The filtrate contains the whole of the chromic 
acid in the form of ammonium chromate which gives the yellow 
colour to the filtrate. This may be neglected. 

The ppt. is transferred to a beaker by pouring through the 
filter a small amount of warm HC1 which readily dissolves the 
ppt., the green-brown solution formed being washed through 
the filter with hot water. From this acid solution the iron is 
obtained by the addition of NaOH solution till there is evidence 
of precipitation, after which the addition of sodium peroxide 
redissolves the chromium hydroxide by oxidizing it to sodium 
chromate which is soluble, the ferric hydroxide remaining in¬ 
soluble. The mixture is warmed to get rid of excess of oxygen 
and diluted before filtering. The reactions taking place are— 

Na 2 0 2 + H 2 0 - 0 1- 2NaOH 

and 

2Cr(OH) 3 |- 30 | 4NaOH - 2Na 2 0rO 4 + 5H 2 0 

There is now a yellow solution with suspended brown ppt. of 
Fe(OH) 3 . This is filtered through a paper of known and pre¬ 
ferably little ash, and thoroughly washed to get rid of all 
caustic soda from the ppt. The iron ppt. is now dried and 
burned to ash in a weighed porcelain crucible the residue being 
Fe 2 0 3 , the weight of which is now taken. For this purpose good 
filter papers containing negligible ash are best used. They are 
also less liable to attack by the relatively strong caustic soda 
solution. 

Assume weight of Fe 2 0 3 to be 0*02 gin. 

Hence—Gm. Fe 2 0 3 per litre of the strong chromium solution 
002 250 1000 

== 5o x io x r = 10 

The filtrate contains the tri valent chromium as sodium 
chromate. This is made slightly acid with H 2 S0 4 when the 
yellow colour changes to pink due to the formation of sodium 
dichromate, thus— 

2Na 2 Cr0 4 + 2H 2 S0 4 - Na 2 Cr 2 0 7 1 2NatlS0 4 + H 2 0 

The chromium content of the solution could now be obtained 
by titration with ferrous solution and permanganate as in the 
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estimation of the total Cr0 3 . An alternative and better method, 
however, follows gravimetric lines. The acid solution of 
dichromate is treated with sulphur dioxide gas (conveniently 
obtained from a syphon of the liquid) when the red colour 
changes to green due to the formation of chromium sulphate, 
thus— 

NajjCrgO, + 3S0 2 + 2H 2 S0 4 

= Cr 2 (S0 4 ) 3 + 2NaHS0 4 + H 2 0 

Excess of S0 2 is boiled off and the chromium obtained by 
precipitation with ammonia boiling off the excess of ammonia. 
The green ppt. is filtered, washed, dried, and burned to Cr 2 0 8 
in a weighed porcelain crucible 

Assume the weight of Cr 2 0 3 obtained to be 0-024 gm. Then— 
Gm. Cr 2 0 3 per litre strong chromium solution 
0-024 250 1,000 lft 

- ~sr x fo x — - 12 

From the figures for the iron and trivalent chromium content 
the amount of chromic acid combined with them is obtained 
by the method shown on page 349, and deducting the com¬ 
bined Cr0 3 from the total chromic acid gives the amount of 
free Cr0 3 per litre. 

Estimation of H 2 SO A . In whatever form the acid may have 
been added it is, after working, in the form of sulphates, chiefly 
chromium sulphate. The estimation involves no variation 
because of this, the method being equally applicable for free 
or combined H 2 S0 4 , and the result is invariably expressed as 
gm. HjSC^ per litre. 

The gravimetric estimation of sulphuric acid is made by 
its conversion into insoluble barium sulphate by the addition 
of barium chloride (BaCl 2 ) solution, but in the presence of 
chromic acid a large amount of insoluble barium chromate will 
be formed. It becomes necessary therefore to reduce the 
chromic acid to a trivalent chromium compound in order to 
obtain uncontaminated barium sulphate. Sulphur dioxide is 
quite out of the question for this purpose owing to its oxida¬ 
tion to HjgSOf free or combined. The reducing agent commonly 
used is alcohol in the presence of acid which again for this 
purpose cannot be sulphuric. Take 100 c.c. of the stock solu¬ 
tion. Add 10 c.c. pure, strong HC1 and 10 c.c. pure alcohol. 
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Both of these reagents should be free from HgSO^ Unless they 
are, a similar test must be made with separate and like amounts 
of these reagents to determine their combined content of 
H 2 S0 4 . This, with access to normally pure materials, is not 
usually necessary. 

Warm the mixture. The red colour slowly changes, first to 
brown (a mixture of green and red) and then to a deep green, 
the alcohol being oxidized to aldehyde, which is a volatile 
liquid of low boiling-point and therefore readily expelled. The 
reaction is— 


2Cr0 3 + 3C 2 H 5 OH + 6HC1 

alcohol 

= 2CrCl 3 + 3C 2 H 4 0 + 6H,0 

acetaldehyde 

While the solution is still boiling, add a boiling solution of 
barium chloride. Owing to the small quantity of sulphuric 
acid usually present, the volume of barium chloride necessary is 
not large, but safety demands an appreciable excess of BaCl 2 . 
Boil the mixture for some time. This yields a granular and 
more easily filterable ppt. Allow to stand, preferably over¬ 
night. Filtering the ppt. is a simple matter, as the bulk of the 
solution can be put through the filter while the ppt. remains 
undisturbed at the bottom of the beaker. 

The small quantity of barium sulphate ppt. must be 
thoroughly washed to free it from the excess of chromium 
sulphate, and this washing with hot water is more conveniently 
done before transferring the ppt. to the filter paper. Washing 
should be continued, after the ppt. has been transferred to the 
papfer, until the washings show no trace of turbidity by the 
addition of AgN0 3 solution (HC1 was used in the reducing 
stage). The ppt. is now dried and burned in the usual manner 
in a weighed porcelain crucible to get the weight of BaS0 4 . 

Assume this to be 0-025 gm. 

Now BaS0 4 = H 2 S0 4 

233 98 


and the amount of HgSC^ per litre of the original chromium 
solution is given by the following expression, the several fac¬ 
tors of which will now be easily identified— 


0 025 x 


98 

233 


250 
100 x 


1000 

10 


2*63 gm. 
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Rapid Estimation. Where a centrifuge is available, a more 
rapid method of estimating the sulphuric acid is possible. 
The principle is applied in other examples of analysis in which 
rapid results with approximation are desirable, without the 
delay of the more tedious and accurate method of weighing up 
the barium sulphate. In this method a determined quantity 
of solution is treated in the usual way and transferred to a 
tube with a lower part which is narrow and graduated. In a 
centrifuge the ppt. readily settles and its bulk is compared 
with that of a standard test from which the result is easily 
deduced. 



CHAPTER XX 

DEPOSITION OF VARIOUS METALS 

The deposition of iron—Steel facing solution—Modem methods of 
iron deposition—Typical solutions—Notes on iron deposition— 
Deposition of tin—Solutions for simple immersion tinning—Electro- 
deposition of tin -Tinning of steel strip—Bright tin deposition— 
Deposition of lead—Analysis of lead solutions—Deposition of 
aluminium Cobalt—Manganese—Deposition of rarer metals - 
Tellurium -Platinum—Palladium—Rhodium—Indium 

Deposition of Iron 

For many years the deposition of iron or “ steel, ” as it was 
incorrectly called, has been practised for the production of a 
smooth, hard facing for printing plates, thereby considerably 
increasing their life by the prevention of attack by the 
chemicals constituting the inks used, and also increasing the 
sharpness of the impression. These deposits were thin. When 
worn they were readily removed by dilute acid and the plate 
re-faced. The production of considerably thicker deposits, the 
mechanical properties of which were applicable in engineering, 
was a war-time innovation, and this application has, with some 
modifications, become standard practice, in addition also to 
the production of electro-types in the deposited metal. 

Steel Facing Solution. For steel facing, a simple solution 
was invariably used such as— 

Ferrous ammonium sulphate 1 lb. 100 gm. 

Water . . .1 gal. 1 litre 

The solution was worked as neutral as possible, any acid 
formed by inefficient anode corrosion being neutralized by 
the addition of ferrous carbonate, made by the addition of 
sodium carbonate to any ferrous salt. A slight acidity such 
as that obtained by the presence of a small amount of acetic 
acid was permissible. To-day we know better than we did 
then what this acidity means. 

Alternatively a solution could be prepared by using an iron 
.anode in a solution of ammonium chloride (sal ammoniac) 
with an iron cathode in a porous cell, allowing the anode to 
dissolve with current until the resulting solution gave a satis¬ 
factory deposit. 


385 



386 


ELECTRO -PLATING 


The process of deposition was simple. The copper plate, 
which obviously could not endure rough treatment, was 
cleaned in hot potash and, after rinsing, passed through weak 
acid or cyanide to remove tarnish. About 10 minutes’ deposition 
at a few amperes per square foot sufficed. Subsequent to use, 
and when the deposit showed signs of wear, it became necessary 
to remove the deposit by immersion in a 10 per cent sulphuric 
acid solution, the deposit easily dissolving from the copper 
and, after rinsing, a further coat of iron could be imparted. 
The number of impressions possible from such a steel¬ 
faced plate very largely exceeded that from a similar but 
untreated plate, and the process had a large vogue and is still 
used. 

Modem Conditions of Iron Deposition. Since that time a 
flood of light has been thrown on the process through the 
work which found its origin during the war, and we now know 
at last exactly the conditions required for the deposition of the 
metal to any thickness. So successful has the work been that 
it is even possible to deposit the metal on a scale of sufficient 
magnitude for it to be regarded as a commercial refining 
process. 

In general the conditions of this deposition are comparable 
with those of nickel, with, however, the disadvantage that 
while ferric salts are useless for the purpose, and, therefore, 
ferrous salts only serviceable, these are always tending to 
become oxidized to the ferric compounds, and this change is 
accompanied by a change of other conditions, such as acidity, 
the regulation of which is very important. 

The older terms of “ slightly acid ” and “ neutral ” have now 
given way to precise pH values, which, for successful iron 
deposition range between 5*5 and 6-0. With this degree of 
acidity it is possible to precipitate the ferric salts by the addi¬ 
tion of ferrous carbonate. Again, it was once thought that the 
extreme hardness of deposited iron, justifying the appellation 
“steel,” was due to the presence of organic matter. In modem 
practice few suggest the addition of organic reagents. The 
intense hardness of the deposited metal is the product of the 
crystalline formation and the presence of some co-deposited 
hydrogen. 

Typical Solutions. Three solutions are now in use for the 
production of appreciable thicknesses of iron. 
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These are— 

1. The Chloride Solution 

Ferrous chloride • . 6 lb. 450 gm. 

Calcium chloride . . .6*6 „ 500 „ 

Water .... 1 gal. 750 cc. 

According to T. Johnson,* the solution gives good deposits over 
a wide range of C.D., and working conditions. At 60° to 70° C. 
(140° to 160° F.) C.D.’s up to 120 amperes per sq. ft. can be 
used, this figure being still further increased at higher tem¬ 
peratures. 

2. The Sulphate Solution 

Ferrous ammonium sulphate 2$ lb. 275 gm. 

Water . . . .1 gal. 1 litre 

This solution is of the same type as that formerly used for 
steel facing but considerably stronger. It has been used for 
the production of pure iron for scientific testing purposes and 
also for the production of thicker deposits for building up the 
dimensions of worn machine parts. Used cold, only a com¬ 
paratively low C.D. of 6 to 10 amperes per sq. ft. can be used, 
but this can be considerably increased up to 50 amperes per 
sq. ft. at 60° C. (140° F.). 

3. The Sulphate Chloride Solution 

A combination of both sulphates and chlorides has been 
made in the following solution— 


Ferrous sulphate . 

. 1J lb. 

150 gm. 

Ferrous chloride . 

J ,, 

75 

Ammonium sulphate 

. li „ 

126 „ 

Water 

1 gal. 

1 litre 


This solution gives smooth deposits, especially with addition 
agents at low current densities, and is of a type employed 
for the production of pure iron for experimental purposes. 

Notes on Iron Deposition. As iron deposition is not practised 
in the usual run of plating shops, it will suffice to give in a 
short space a few remarks on thg general subject of the 
operation. Experience soon shows that the deposit is par¬ 
ticularly susceptible to changes of properties due to even 
slight change in composition and conditions. In order, 
therefore, to obtain satisfactory results, some general conditions 
* J . Electrodepos, Tech . Soc. $ 1029, ii. 
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are aimed at. These include high ferrous ion concentration at 
the cathode, obtainable by circulation of strong solutions, 
and low acidity, this being kept down by the addition of 
ferrous carbonate, high temperature, the presence of some 
chlorides, and the freedom from organic matter. In some 
cases, however, the presence of an addition agent is suggested, 
though not strongly recommended, and glue has been men¬ 
tioned in this connection. 

Another expedient which is resorted to is the addition of 
powdered charcoal as a suspension in the solution, this, it is 
said, minimizing troubles connected with the deposition of 
hydrogen. The presence of hydrogen absorbed or occluded 
in the deposit gives rise to hardness and brittleness, and this 
is removed by subsequent annealing, though the last traces 
of the gas are not expelled until nearly the melting point of 
the metal is reached. The whole subject is one of great inter¬ 
est, though not usually within the scope of the work of the 
plater, who is usually more concerned with deposition from 
the protective and decorative point of view. 

Deposition of Tin 

The deposition of tin is now being largely practised, as 
from the first it was thought that the metal offered great 
possibilities. Tin is certainly one of the best metals to put 
upon iron and steel to withstand corrosion. The magnitude 
of the tinplate industry is the best evidence of this. 

In view of the enormous amount of tinned iron or steel used 
in industry, and especially in the canning trade, there would 
seem to be great possibilities for any electrolytic process which 
will yield a satisfactory coating with a smaller consumption 
of tin than is possible by the usual dipping process. An attrac¬ 
tive feature of such a process would be the more economic 
use of a metal which is none too abundant and definitely 
costly. Already plants are in operation in the U.S.A. which 
turn out 450,000 tons per annum of this product, with the 
consumption of only one-third of the tin which the hot dipping 
process involves. These processes cater both for large sheets, 
and also by continuous operation for strip up to 30 in. to 36 in. 
wide. The electrolytic process admits of building up a deposit 
of any thickness with the curtailment of this to a minimum 
necessary for each application of the metal. Moreover, it is 
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possible to obtain different finishes by variations in the 
procedure, thus adding variety to the process and product. 

It may be safely taken for granted that, ere long, similar 
processes will be in operation in this country for the produc¬ 
tion of tinned sheet and strip on some considerable scale. 

In some industries, however, tinned copper and brass have 
a wide use. These metals were also prepared by a method not 
unlike the hot dipping process, but it is in this direction that, 
first in America, electro-tinning has to some extent super¬ 
seded the older process, and the electro process has now a 
considerable vogue. 

In this country, the production of munition parts in iron 
and steel necessitated some type of satisfactory coating to 
preclude corrosion prior to assembly, and in this direction 
tinning was largely resorted to. One great advantage offered 
by the process was the great depth to which the tin could 
be made to penetrate; in other words, the throwing power of 
the solution was excellent. The metal, however, is soft and 
not calculated to withstand much wear. 

A disadvantage of tinning in the earlier days of electro¬ 
deposition was the difficulty in obtaining smooth deposits. 
Treeing was pronounced. The use of addition agents has, 
however, overcome this trouble. 

Solutions for Simple Immersion Tinning. The metal tin 
is readily displaced from its solutions by the process of simple 
immersion. Large quantities of brass and copper articles 
of the smaller type are still thus treated. The methods com¬ 
prise both immersion and contact processes. In the latter, 
the articles are boiled in a tin-free solution with the metal tin 
which, in contact with the articles, functions as a soluble 
anode. In other methods, zinc is used in place of tin, and the 
solution contains tin. Again the zinc acts as an anode, though 
of the more active type. 

Solutions contain a tin salt dissolved in a convenient solvent. 
For this purpose cream of tartar (KHC 4 H 4 0 6 ) is largely used. 
One recipe is— 

Tin chloride (stannous chloride) . 4 oz. 25 gm. 

Cream of tartar . . . 2 „ 12-5 „ 

Water . . 1 gal. 1 litre 

The solution is used at a temperature of 80° 0. (176° F.) 
and the cleaned brass articles are rotated in a barrel with 
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pieces of zinc. These act as anodes, and the tin is really electro- 
deposited by locally developed currents. 

Alternatively, a solution may be used in which there is 
no tin at all. The solution is one containing some solvents, 
such as cream of tartar and common salt, possibly only half 
an ounce of each per gallon. The cleaned brass articles are 
placed in trays of iron wire and are interlayered with per¬ 
forated sheets of tin. On nearly boiling, the tin dissolves, 
and is subsequently deposited out on the brass. The process 
occupies some time. After each operation the solution is 
scrapped, there being no appreciable amount of tin in it. 

Electrodeposition of Tin. For any assured thickness of tin 
or for the production of a deposit which has a real protective 
value rather than a merely decorative one, electrodeposition 
must be resorted to, and the operation is being increasingly 
applied. One of the first solutions recommended for this 
purpose was that of Roseleur. This was as follow s— 

Stannous chloride (SnCl,2H a O) . 1J oz. 9*4 gm. 

Sodium pyrophosphate (Na 4 P t O 7 10H t O) 12 „ 75 „ 

Dextrine . 1 „ 0*25 „ 

Water ....... 1 gal. 1 litre 

This solution was used at a temperature of 60° C. (140° F.) 
with a current density of about 5 amperes per sq. ft. More 
recently, however, there has been a decided change over to 
The Alkaline Stannate Bath, which now commands a 
wide application. The essential constituent of this solution 
is sodium stannate, made by dissolving tin oxide (Sn0 2 ) in 
caustic soda. The material can be purchased, and to it is 
added a number of other materials found beneficial in the 
deposition. A formula published by Oplinger* for this 
solution is as follows— 


Sodium stannate 

12 oz. 

76 gm. 

Sodium acetate . 

2 „ 

m .. 

Caustic soda 

1 „ 

«i „ 

Sodium perborate 

i .. 

H .. 

Water 

1 gal. 

1 litre 


This solution yields excellent results at a temperature of 
70° C. (158° F.) and a C.D. of 20 to 60 amperes per sq. ft., P.D. 
4-6 volts. For barrel work the strength of the solution is in¬ 
creased, and the P.D. also raised at the same temperature. , 
* Met. Ind. (N.Y.), 1931, 29, 529. 
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In this type of solution sodium stannate provides the 
source of tin for deposition while oxidizing agents such as 
sodium perborate and hydrogen peroxide serve to convert 
stannous ions into stannic ions, the former conducing to the 
formation of spongy deposits. Caustic soda is necessary to 
keep the anodes clean as free cyanide is for cyanide solutions. 

It has recently been found that perfectly smooth and 
sound deposits up to one-quarter of an inch in thickness may 
be made from a simple solution of sodium stannate containing 
merely a slight excess of caustic soda. 

Thus Hotbersail, Clarke, and Macnaughtan* in a sub¬ 
sequent paper have shown that the formation of spongy 
deposits in the stannate bath is due to the presence in the 
solution of small concentrations of stannite and that, pro¬ 
vided the solution is maintained in an oxidized condition, 
sound deposits up to the thickness mentioned may readily 
be obtained. 

They therefore recommend the use of insoluble anodes, 
preferably of nickel sheet or foil, as an alternative to the 
peroxide additions used by Oplinger, and suggest various 
methods of replenishing the tin content of the solution. The 
following conditions are recommended— 

Solution. 

85 gm. Tin (as sodium stannate )) ... 

15-20 gm. NaOH \ per Utre 

Temperature 70-75° C. 

C.D. up to 60 A per sq. ft. but preferably 15-20 A per sq. ft. 

Owing to the variable composition of commercial sodium 
stannate it is not desirable to specify merely stannate. The 
chemical should be free from chloride. 

The throwing power of the solution is exceptionally good. 

More recently, practice has been improved by the use of 
tin anodes, but these require careful preparation by the 
production of a greenish yellow film of Sn0 2 . This “filming” 
is produced by an initial high current densit y of from 1J times 
to twice that for normal deposition. A minute or so of this 
treatment shows the production of the film by an increased 
voltmeter and a decreased ammeter reading. The operation 
oan be aohieved by loading the bath with work and lowering 

* J. Electrodepos . Tech . Soc ., 1934, ix, 101. 
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the anodes—in contact with the bar—into the solution 
thereby obtaining the higher C.D. on the partially immersed 
anodes. On unloading the bath the anodes are first removed 
before cutting off the current and not allowed to stand in the 
solution. Carbonates accumulating in the solution are period¬ 
ically removed by cooling and crystallization. 

For deposition, anode C.D. is one-half of that at the cathode. 
Further a substantial degree of purity is essential in the 
sodium stannate (Na 2 Sn0 3 .3H 2 0) used. Nitrates appreciably 
lower the cathode efficiency. 

The Acid Bath. The following acid solution has also yielded 
good results— 


Sulphuric; acid . 

Tin . 

Crosol sulphonic acid 

Gelatine 

13. naphtha 1 


85 gin. per litre 
30 
100 


1 


From this solution 10 ainp./sq. ft. at 20° C. yields a good 
deposit not recpiiring agitation and giving 001 inch in 50 
minutes. 

Oxalate Bath. 


Stannous oxalate 
Ammonium oxalate 
Oxalic; acid ,. 
Gcdatine or peptone 


50 gm. per litre 
00 
15 
2-5 


This solution at 20° C. yields satisfactory deposits at 
5 amp./sq. ft. 

A comprehensive survey of the applications of tin deposition 
has been given by Baier and Taft.* 

Tinning o! Steel Strip. As a protection for steel, electro- 
deposited tin has been explored as a competitive process to 
hot tinning. For this purpose an acid bath composed of stan¬ 
nous sulphate, sulphuric acid, cresol sulphonic acid with 
addition agents has been found more satisfactory than the 
usual alkaline solutions. The method has been described by 
Macnaughtan, Tait and Baier. | The solution is worked at room 
temperature with a relatively low bath voltage and yields 
twice the weight of metal with the same current density in 
comparison with alkaline solutions. Subsequent tests! on 


* ,J. Klectmlnpon. Tech. Nor., 1040, xvi, 45. 
t /«»/., 1937, 12. t thirl., x ii, 1937. 
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the mechanical properties of the deposit proved satisfactory, 
showing a ductility which admitted of the usual deformation in 
manufacturing processes. It remained, however, to be deter¬ 
mined whether the process could be worked with the required 
economy, in view of the possible improvements in hot dipping 
process and its application to steel strip. 

Bright Tin Deposition. Tin provides another metal the 
production of bright deposits of which has attracted atten¬ 
tion with a considerable degree of success. For this purpose 
Schlotter proposes compositions of which the two following 
may be regarded as representative— 

Example 1. 


Tin (as a stannous salt) . . . .25 gm. 

Sulphuric acid 6H° B. .75 

(Hue ....... I 

Resins obtained by the sulphurizing of 

phenol ...... 1-5 ,, 

Naphthol ...... *5 

Water . 1000 „ 

Example 2. 

Tin in the form of tin benzene disulphonate 30 gm. 
Benzene disulphonic acid . . . 90 

Gelatine . . . . . . *8 ,, 

Beech wood tar ..... 20 c.c. 

Water ....... 1000 gm. 


From such electrolytes tin is obtained with very satisfac¬ 
tory bright surfaces using a C.D. of 3 to 6 amp. per dm. 2 or 
about 28 to 56 amp. per sq. ft. Usually no subsequent polish¬ 
ing treatment is required, but after rinsing and drying, deposits 
may be rubbed with a cloth or silk pad with the application 
of a little french chalk. 

Here, again, we may assume that the presence and co¬ 
deposition of these colloidal substances effects the extremely 
tine crystal structure in the deposit which is responsible for 
the mirror-like surface. 

Deposition of Lead 

The deposition of lead is being increasingly practised. 
Originally, from such a simple solution as the acetate, un¬ 
promising results were obtained. Treeing was unavoidable, 
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but more recently Mathers and Schwartzkopf* have been 
more successful with the following solution— 

Lead acetate (Pb(C 2 H 3 0 2 ) 2 .3H a O) . .100 gm. 

Sodium acetate (NaC a H 3 0 2 .3H 2 0) . 120-160 „ 

Glue ....... 4-6 „ 

Cresol ...... 30-40 drops 

Water . . . to 1 litre 

A C.D. of 10 amp./sq. ft. gave quite satisfactory deposits. 
The solution has the advantages of simplicity, cheapness and 
no action on ceramics. Its conductance, however, is low and 
the deposits somewhat brittle. 

It has for some time been known that a solution of lead 
fluosilicate, with an addition agent—usually glue—gave good 
deposits, and the process is extensively used in the electrolytic 
refining of the metal. The solution used for this purpose is 
made up as follows— 

Lead (as fluosilicate) . 8 oz. 50 gm. 

Hydrofluosilicic acid . 16 „ 100 „ 

Water ... 1 gal. 1 litre 

The lead as oxide (PbO) is dissolved in the acid, which then 
leaves a proportion of the acid in the free form for conductance 
purposes. The addition of glue is of the order of *5 gm. per 
litre. It is absorbed by the deposited lead, and hence requires 
renewal. The C.D. permissible is of the order of 10 to 20 
amperes per sq. ft., and very satisfactory deposits from the 
point of view of refining are obtained. The solution, however, 
is not exactly suitable for the more ordinary process of 
electro-plating. 

A later solution proposed by Mather| contains lead per- 
chlcrate as its c hief constituent. It is compounded as follows— 

Lead (as perchlorate) . 8 oz. 50 gm. 

Perchloric acid (free) . 8 „ 50 „ 

Peptone . „ *5 „ 

Water . . .1 gal. 1 litre 

Lead requires practically its own weight of perchloric acid to 
convert it into perchlorate and, therefore, the amount of pure 
acid (HC10 4 ) required will be 1 lb. per gallon of solution 
(lUOgrm. per litre). The lead as oxide (207 of lead are con¬ 
tained in 223 of oxide) is readily dissolved in the acid, which 
is purchased, allowance being made for the strength of the 

* J. Electrodepos. Tech . Soc 1940, xvi, 45. 
t Trans. Amer. Electrochem. Soc. t 1920, xvii, 261. 
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acid as received. Alternatively, the total amount of acid is 
divided into two equal parts, one of which is saturated with 
lead oxide and the solution mixed with the unused acid. 
Such variations in making the solution will be appreciated 
with a slight knowledge of chemistry. 

Without the addition of peptone the deposition can only 
proceed very slowly, and even then is not sufficiently good 
to be serviceable for many purposes. The addition of the 
peptone makes a remarkable improvement in the nature of 
the deposit, permitting the use of a current density up to 20 
amperes per sq. ft. The addition agent is absorbed in the 
deposit and again, therefore, requires renewal. Peptone is a 
somewhat expensive material, and its place may be taken, 
though less effectively, by clove oil. 

Still another solution is of the fluoborate type. This is 
composed as follows— 


Basic lead carbonate 

20 oz. 

125 gm. 

Hydrofluoric acid (50%) 

36 „ 

225 „ 

Boric acid . 

16 ^ „ 

100 „ 

Glue .... 

"sSf »> 

*2 „ 

Water .... 

1 gal. 

1 litre 


The preparation of the solution is simple, once it is borne in 
mind that the hydrofluoric acid should be used not in stone¬ 
ware or glass vessels, but in a lead-lined wood tank. The 
hydrofluoric acid is put into the tank and the boric acid added. 
This forms the fluo-boric acid. Lead carbonate is now added, 
slowly, to prevent too rapid effervescence. Some lead sulphate 
will settle out owing to the presence of sulphuric acid in the 
hydrofluoric acid. The solution can be poured off and the 
glue, first dissolved in water, added. This solution works 
satisfactorily at 20 amperes per sq. ft., but more rapid deposi¬ 
tion can be effected in a stronger solution. 

An innovation in lead deposition is that proposed 
by Mathers and Forney* starting with sulphamic acid 
(HSO s . NH 2 ). This acid is purchasable. A 5 per cent solution 
(5 gm. per 100 c.c.) is treated with an excess of basic lead 
carbonate. The excess of lead compound is filtered off and a 
further 5gm. of acid added. The solution then contains 
5*4 gm. Pb per 100 c.c. and its pH is of the order of 1-1*5. 
From this solution the deposits “tree.” A good variety of 
♦ Trans . Amer . Electrochem. Soc,, 1939. lxxvi, 373. 
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addition agents serve to produce smooth, tough and crystalline 
deposits, with C.D.’s to 20 amp./sq. ft. and a current efficiency 
of 95-96 per cent. The throwing power is given as 18*2 on the 
Haring and Blum scale, and 22*7 on the Hartley scale. 

Finally, reference may be made to, the alkaline solution. 
This is prepared by dissolving litharge in potash in the fol¬ 
lowing quantities— 

Lead oxide (litharge) 1 oz. 6-25 gm. 

Caustic soda. . . (i ,, 37*5 „ 

Water . . . .1 gal. I litre 

The caustic soda is dissolved in a quarter of the water and 
the lead oxide dissolves readily in this fairly strong solution, 
which can then be made up to the final bulk with water. 

The solution may be contained in an iron tank and warmed. 
In coating steel it is advantageous to coat the work quickly, 
afterwards reducing the current. Only a slow rate of deposi¬ 
tion can be permitted if smooth deposits are to be ensured. 

The deposition of lead finds application for coating metals 
which are required to come into contact with sulphuric acid, 
as in accumulator work. 

Analysis of Lead Solutions. The following brief method is 
applicable to all the usual lead depositing solutions. Take 
10 c.c. of the solution, dilute to 150 c.c. and heat nearly to 
boiling. Now add a slight excess of dilute sulphuric acid. This 
precipitates heavy lead sulphate which, quickly settling, 
provides an opportunity of judging when sufficient acid has 
been added. A lar; r e excess is very inconvenient. Allow the 
ppt. of lead sulphate to settle and filter on to a weighed Gooch 
crucible washing the ppt. first with very dilute H 2 S0 4 and 
finally with water. Dry and weigh the PbS0 4 from which the 
weight of lead or lead fluosilicate, fluoborate or perchlorate 
can be calculated. 

Free Acid. Free ftuosilicic acid can be approximately 
determined by titrating with potassium hydroxide using 
phenolphthalein as indicator. Free perchloric acid can be 
determined by direct titration, or, more accurately, by pre¬ 
cipitating the lead with a known excess of sulphuric acid and 
titrating the total acid in the filtrate. From this the free 
{>erchloric acid can be calculated. 

For free fluoboric acid there appears to be no very simple 
method to yield satisfactory results. 
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Deposition of Aluminium. This may sound unusual in view 
of the repeated references to this metal in the earlier portions 
of this book. Its extremely electronegative character at once 
suggests the improbability of this being achieved from aqueous 
solutions, but we are still left with a range of organic solvents 
from which the deposition of the metal might be possible. 
Thus Blue and Mathers* have shown that the deposition of 
the metal is possible from solutions of aluminium bromide in 
a mixture of ethyl bromide and benzene. While the earlier 
experiments were purely of an investigatory character to test 
the possibility, a measure of success was attained in the pro¬ 
duction of deposits of a bright and crystalline character with 
a C.D. of 8 amps./sq. ft. with a cathode efficiency of 60 to 70 
per cent. 

An alternative method was that of the production of an 
alloy of copper and aluminium which again showed signs of 
even commercial success. 

Cobalt. While the deposition of this metal has not attained 
much commercial importance the process seems to hold out 
possibilities by reason of the whiteness, lustre and hardness of 
the finished deposit. Militating against its use is the high cost of 
the metal and its compounds. On the other hand, the metal 
can be deposited at a very much more rapid rate than nickel. 
The solutions employed are on the lines of those of nickel as 
follows— 

Cobalt ammonium sulphate 2 lb. 200 gm. 

Water . . . 1 gal. 1 litre 

This solution, which requires less care with regard to acidity 
than nickel solutions, can be worked with current densities 
up to and exceeding 30 amperes per sq. ft. 

The single sulphate solution, however, far exceeds this rate 
of deposition. Tt is as follows— 

Cobalt sulphate . . 4-5 lb. 450 gm. 

Boric acid . . 5 oz. 31 „ 

Sodium chloride . 2 „ 12*5 „ 

Water . . . 1 gal. 1 litre 

Used at 35° C. (95° F.) the solution gives good deposits with 
current densities up to 150 amperes per sq. ft., and even much 
higher rates of deposition have been used over short periods. 

So far, however, its applications are few. The metal is 
* Tntn-s, Klcctrochem , »SW,, 1934 lxv, 339, 
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seriously affected by some of the acids occurring in foodstuffs, 
and this is likely to limit its applications. The deposit is, 
however, hard and durable. The metal may easily be obtained 
in the form of thicker deposits than are usual with nickel, and 
may be deposited directly upon nearly all the usual metals, 
inciuding tin, lead, and Britannia metal. The deposits, when 
required, can readily bo removed by immersion in dilute sul¬ 
phuric acid, care being taken when the base metal is also 
liable to attack by this acid. 

Manganese. The deposition of this metal has attracted 
attention, and recent work by Oaks and Bradt* and by Fink 
and Kolodneyt has shown that the metal can be deposited in 
a pure, coherent, smooth and silver-white form from both the 
sulphate and chloride solutions. 

With the sulphate solution, the anodes were of both graphite 
and manganese, an anode entirely of the metal resulting in a 
much larger solution than deposition, thereby considerably 
enriching the bath in metal. With the chloride solution, 
platinum anodes gave rise to the formation of precipitates of 
black manganic hydroxide, while with manganese anodes the 
ppt. formed was of the manganous type. More success was 
therefore obtained by the use of some type of diaphragm. With 
both types of solutions, the optimum conditions for deposition 
were determined and these details may be found in the original 
papers to which references are given. 

Deposition of Rarer Metals 

Tellurium. Ordinarily tellurium is regarded as a non-metal 
but physically it possesses marked metallic properties. Fur¬ 
ther, its deposition has so far only been carried out on a 
relatively small scale for the purpose of obtaining the pure from 
the available crude element. The “metal” is grey in colour 
and very brittle, but possesses a marked degree of resistance 
to chemical and atmospheric corrosion. 

Its deposition has been explored by Mathers and Turner): 
who used a number of solutions, the best of which constituted 
a solution of the dioxide in a mixture of sulphuric and hydro¬ 
fluoric acids. 

* Trans . Amer. Electrochem . Soc. t 1030, lxix, 567. 

t Ibid., Preprint, hud, 3 (1937). 

% Trans . Amsr . Eltctrochem. Soc. t 1928, liv, 293. 



DEPOSITION OF VARIOUS METALS 


399 


The dioxide is an artiole of commerce; alternatively it may 
be made from the metal by treatment with sulphuric and 
nitric acids, yielding the hydrated dioxide which can be de¬ 
hydrated by evaporation to dryness and gently igniting. 

The use of hydrofluoric acid involves the use of a containing 
vessel of some material not attacked by this corrosive acid, 
and in following out the method, a wood box lined with wax 
was found convenient. 

The composition of the solution is as follows— 

Tellurium dioxide .... 250 gm. per litre 

Hydrofluoric acid (48%) . 600 „ 

Sulphuric acid (96%) .... 200 „ 

The oxide readily dissolves in the acids and there is perhaps 
some slight disadvantage in this solution in that it gives off 
some hydrofluoric acid fumes. The solution is worked at 
ordinary temperature with a tellurium anode and platinum 
cathode. With a current density of 10 to 20 amperes per sq. 
ft., very compact deposits are obtained which are almost 
entirely free from selenium, which is usually associated with 
tellurium. Anodes of tellurium are very poor conductors and 
this leads to rapid solution of the anode just below the level 
of the liquid. It was found convenient to introduce the anodes 
only to a small depth at first, gradually lowering them as the 
action continued. The solution is an excellent conductor and 
thi 3 involves the use of only a small P.D., usually not exceeding 
one volt. 

The fact that the element can be deposited in a substantial, 
compact and crystalline form is a matter of interest, paving 
the way for possible applications in the near future. 

Platinum. This was one of the earliest of this group of 
metals to be electro-deposited though the applications were 
necessarily limited on account of the high cost. A general 
survey of the history of the process with modern develop¬ 
ments has been given by Atkinson, Davies, and Powell and 
Schumpelt,* to which reference will be found instructive. 

Palladium. Palladium also offers advantages for the pro¬ 
duction of a non-tamishable deposit, and has been applied 
in this direction for certain examples of marine practice. 
The properties of the metal are similar to those of platinum, 
• Proc. nt I.ELC ., E.T.S., Mwoh, 1937. 
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and it is recorded that one of the earliest examples of this 
deposition goes as far back as 1855. 

A detailed account of the processes which have been pro¬ 
posed and applied is given by Atkinson and Raper.* In earlier 
examples the process was worked with an insoluble anode, but 
it was later found possible to design a soluble anode process. 

The electrolyte for this purpose is as follows - 

10 gm. palladium as Na 2 Pd(N0 3 ) 4 per litre. 

30 gm. NaCl per litre. 

The usual conditions comprise a current density of about 

1 ampere per sq. ft. at a temperature of 40° to 50° C. This 
current density is obtained, with an interelectrode distance of 
15 cm., with 1*5 volts. The anode is of hard rolled palladium 
sheet, both anode and cathode efficiencies being of the order 
of 95 to 98 per cent. 

Rhodium. This further example of the precious metals was 
discovered as far back as 1804, and among the platinum group 
has some distinctive properties. Its nobility exceeds that of 
platinum and its melting point is approximately 1900° C., 
again exceeding that of platinum. The metal is very hard 
and tough, but its lack of ductility prevents its use in some 
of the well-known forms such as wire. It is very white and 
exhibits high reflectivity. But it is very costly. Some com¬ 
pensation is found in the extremely thin deposits necessary 
to impart its desirable properties. Urgency of modern 
requirements has, however, established its practice so that 
after the war we may hope to find it in extended use. It is 
capable of successful deposition from a solution containing 

2 gm. of rhodium and 33 c.c. sulphuric acid per litre. The 
process has been described by Atkinson and Raper, f who 
indicated a number of methods by which the solution can be 
prepared from the metal. With this solution satisfactory 
deposits were obtained in from 5 to 15 minutes, equivalent 
to 1*5 to 4-5 mg. per sq. in. 

The latter figure corresponds to a thickness of 0*0001 in. 

The deposited rhodium is characterized by its unique 
permanence under corrosive conditions. It is on record that a 
deposit of this thickness withstood the action of hot aqua regia 

* ./. Hlectrodepox. Tech. Sac ., 1933, viii, 10 . 
t J. Mf retrodrpon. Tech . Soc^ 1934. ix. 77. 
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for 30 minutes without showing any signs of discoloration. 
Further, its hardness is considerably greater than might be 
ordinarily imagined. 

In colour the metal approximates to that of silver and the 
deposition of the metal enhances the value of the article 
plated. 

Possibly the high cost might seem a deterrent to the general 
application of the metal for domestic use, and would seem 
therefore to limit its range to the more expensive forms of 
jewellery and, possibly, for reflectors. These were among the 
first applications of the deposit. 

For general table ware, however, it would seem possible to 
apply the deposit to the prongs of forks—as one example— 
which in use receive the more drastic abrasion and are more¬ 
over much more difficult to keep clean. These are indications 
of an extending range of usefulness in spite of the high cost 
of the metal. 

Deposition of Indium. This process provides another recent 
adaptation of a relatively unusual metal into the realm of 
electro-deposition.* It has been placed on record that small 
additions—from -2 to 4-0 per cent—of this metal in silver, 
lead, copper, etc., increase their anticorrosive properties. 
According to Linford| the solution is prepared by dissolving 
the metal in sulphuric acid and adding sodium sulphate to 
the following composition— 


Indium (as sulphate) 
Na 2 S0 4 .10 H 2 0 
Water to . 
pH . 

Temperature 

C.D. 

C. Kfficioncy up to 


. 21 gm. 

10 gm. 

1 litre 
2-2 

. 20° C. 

20 amp. (sq. ft.) 
• 8 °% 


An indium rod serves as anode. A cyanide solution is also 
available. 

The method of alloying with lead is that of making the 
requisite deposit of indium within the lead deposit and 
subsequently effecting the distribution through the lead by 
heat treatment. A commercial development of the process is 
anticipated. 


* Mon.Jtev. Amer. K.P. Soe., March, 1941. 
f Trati,s. Amer. Electrocheiu . 8or. % 1941. 






CHAPTER XXI . 

DEPOSITION OF ALLOYS 

Introduction —Special features: scope for alloy deposition—Com¬ 
parison of zinc and copper cyanides—Deposition of brass—Function 
of constituents—Composition of brass deposits—Throwing power 
of brassing solutions—Points about electro-brassing—Analysis of 
brassing solutions—“Bronze” plating—Lead-tin alloys—Lead- 
silver alloys—Aluminium alloys—Zinc-cadmium alloys—Cadmium- 
silver alloys—Possibilities of alloy deposition 

Introduction. One of the features of the deposit of copper 
obtained from the sulphate solution is its purity. Many im¬ 
purities may be present in the solution without passing into 
the deposit. Upon this fact is based the very largely applied 
process of the electrolytic refining of copper. With the ex¬ 
ception of a few metals, it is difficult to persuade impurities 
to pass into the deposited copper. This has its advantages 
and also its disadvantages. 

Of all the common metals zinc would be one of the last to 
be deposited with copper in the acid bath, and the possibility 
of depositing an alloy of the type of brass is, therefore, very 
remote. The two metals are altogether too dissimilar electro- 
chemically. This is seen in the ease with which zinc turns 
out copper from so many of its solutions. A further example 
is found in the manner in which the different behaviour of 
the two metals enables them to be employed as the essential 
constituents of the Daniell cell. The difficulty of the co-depo¬ 
sition of these metals is further turned to account in the process 
of electrolytic analysis, in which complete separation of the 
two metals is essential and easily achieved. 

The production of electro-deposited alloys, therefore, in¬ 
volves the use of metals the electro-chemical properties of 
which are somewhat alike. This condition can be met with 
copper and zinc by the use of compounds other than the sul¬ 
phates. 

Special Features. The deposition of alloys raises a number 
of interesting problems such as are not met in the case of 
single metals. Among them are the composition of the 
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solutions, the choice of anodes and the "conditions of operation 
in order to secure the required composition in the deposited 
alloy. In the first place the solution will not necessarily con¬ 
tain the alloy constituents in the same proportion as that of 
the required alloy deposit, and the two constituents will have 
different chemical equivalents which largely influence their 
proportion in the deposit. The case of brass will be dealt with 
in greater detail later. 

Further, anode and cathode efficiencies are not likely to 
balance and this inequality occasions a variation in the com¬ 
position of the solution. A brass anode, for example, dissolves 
with greater efficiency than that of the cathode process. This 
leads to an increase in the metal content of the solution with 
corresponding decrease in the free cyanide content. Correction 
for this defect may be made by the partial substitution of 
insoluble anodes, for example iron, following the example in 
cadmium plating, and also at times in the cyanide coppering 
solution. 

Coming next to the composition of the anode, it is obvious 
that this must be that of the required deposit, whatever may 
be that of the solution, so that the metal passing out from 
the solution is exactly made good by that entering at the anode. 
Usually anodes of the same alloy are used as in the case of 
*brass. If one of the two main constituents—zinc for example— 
shows any greater tendency to solution over the other—cop¬ 
per—this leads to the exposure of a larger proportion of 
copper, and with it, greater solution, the defect thus correcting 
itself. 

Again, brass is an alloy which is readily workable over a wide 
range of composition. It is, however, possible to conceive of 
alloys which, in the thin form of a deposit, show all the required 
strength, but which, in the more massive anode form, are either 
brittle or otherwise unworkable. Here the use of the two metals 
in the form of separate anodes becomes possible, each of which 
will dissolve in the proportion of the chemical equivalent and 
the current passing from it. There is the possibility of one 
of these anodes becoming passive by the production of insoluble 
compounds upon it, thus throwing an undue proportion of 
the current through the other metal. Again, one of the two 
metals may have a natural tendency to dissolve more freely 
than the other. These are irregularities which can be guarded 
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against by the use of separate anode circuits, each being inde¬ 
pendently controlled by its own rheostat with the introduction 
of an ammeter, so that the exact current passing through 
may be known. This condition is readily attainable. It will 
then be a matter of determining the exact proportion of cur¬ 
rent to be passed through the individual anodes and thereafter 
maintaining it. 

There are many other matters of more theoretical interest 
which need not be entered upon here. 

Scope for Alloy Deposition. Many advantages would seem 
to accrue to the deposition of alloys. Hepburn* has enumerated 
these as follows— 

1. Reduction of metal cost (e.g. nickel-iron instead of 
nickel). 

2. Special and variable colour effects for decorative pur¬ 
poses (e.g. brass and gold alloys). 

3. Production of bright deposits (e.g. nickel-cobalt and 
zinc-cadmium). 

4. Possibility of the deposition of rare metals in useful alloy 
forms, while such metals are not capable of satisfactory 
deposition alone. 

5. Special properties (e.g. brass for rubber adhesion and 
silver-cadmium for resisting tarnish). 

Further the general aim in such solutions will be— 

1. The reproductibility of colour or composition. 

2. Constant metal ratio in the bath. 

3. Anode and cathode control to maintain constant metal 
ratio in the bath. 

4. Wide plating range. 

5. Easy analytical control. 

In the case of some well-known examples these conditions 
are being met after extensive experiment and practice. Other 
examples must be explored along these lines. 

These conditions provide wide scope for research in the 
cases of many binary alloys (those containing two metals). 
The difficulties of achieving them are likely considerably to 
increase in the case of ternary alloys (those containing three 
metals), and it is quite probable that, with the impetus 
* Presidential address; Electrodepos. Tech. Hoc., 1943. 
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provided by existing exigencies, the problems of alloy deposi¬ 
tion will receive considerable attention in the future. 

Comparison of Zinc and Copper Cyanides. The double 
cyanides of the two metals have at least this one comm6n 
feature. In solutions of each there is an almost complete 
absence of zinc and copper ions which usually impart the char¬ 
acteristic properties to the solutions of these metals. The ions 
in each case are 2K+ and Zn(CN) 4 ~ ”, and 2K+ and Cu(CN) 3 ~ 

It must, however, be clearly understood that very small quan¬ 
tities of zinc and copper ions do exist in these solutions, but 
they are not sufficient to impart the usual properties of zinc 
and copper compounds. This small proportion of ions is the 
result of the further ionization of the complexions Zn(CN) 4 “ “ 
and Cu(CN) 3 ~ “. In the case of the former the dissociation is 
as follows— 

Zn(CN) 4 --->Zn+ »- + 4CN“ 

In the double cyanides we have compounds which are electro- 
chemically very much alike, and which offer, therefore, the 
possibilities of the co-deposition of the two metals in the form 
of an alloy. 

These remarks, while referring specially to copper and 
zinc, have a general application to all other components of 
alloys. 

Deposition of Brass. Brass is the alloy which has been most 
widely deposited. 

For very many years it provided a coating both decorative 
and protective for iron and steel, and large amounts of such 
work found their way into domestic and other uses. More 
recently a deposit of brass has been found most effective as a 
base upon which to obtain a firm adhesion of the various 
rubber compositions which now so widely constitute the 
linings of metal tanks containing corrosive -solutions. This 
latter application will doubtless extend the scope of brass 
deposition. In recent years, too, the brass plating solution, 
comprising a number of constituents, each with its deter¬ 
mining influence on the process, has been subjected to a more 
thorough chemical investigation, with the result that these 
factors in deposition have been evaluated with some precision, 
leaving less room for the recourse to the more original rule-of- 
thumb methods. 
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Little need be said with reference to the preparation of 
the solutions. In a few words it may be stated that the 
process is identical with that of the preparation of cyanide 
copper solutions, with the exception that a proportion of 
the copper compound is replaced by the similar zinc com¬ 
pound, for usually the proportions of zinc and copper in their 
compounds are sufficiently alike to be taken as the same. One 
point may require some further explanation, and that is why 
we may employ equal amounts of the two metals in the solu¬ 
tion when we expect to obtain a deposit containing roughly 
twice as much copper as zinc. 

This is accounted for as follows: If the two compounds are 
present in equal quantities they may be roughly regarded as 
equally sharing the current. The two metals are then deposited 
out in the proportion of their chemical equivalents. That o i 
copper in this cyanide solution is 63*6, and of zinc 32-5. The 
figure for copper is practically double that of zinc, and thus 
twice as much copper appears as zinc, giving a deposited alloy 
of the usual brass type, which may, however, be widely varied 
by changes in the electrical and chemical conditions. 

Another important factor has then to be taken into 
consideration. It is the general experience that colours of 
deposited brass differ from those of cast brass of the same 
composition. For example, to obtain the same yellow colour 
of the cast metal having the composition 65 Cu to 35 Zn, will 
require a deposit containing as much as 75 per cent Cu. The 
deposited zinc has apparently a far greater whitening power 
on the colour of the copper. These two facts have to be taken 
into consideration in the selection of the relative proportions 
of the two metals in the solution. Thus it is that more copper 
is required in the solution than zinc. 

Again, stronger solutions are invariably used for barrelling 
than for stationary deposition. For the former, a typical 
solution is as follows— 


Copper cyanide (65%) 

3} oz. 

23*5 gm. 

Zinc cyanide (54%) 

H » 

7*8 „ 

Sodium cyanide (129%) 

6 „ 

37-5 „ 

Sodium carbonate 

i .. 

4-7 „ 

Sodium bisulphite 

1* 

9*4 „ 

Water to 

1 gal. 

1 litre 


As has been explained in other parts of this book, these 
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ultimate constituents may be obtained by starting with differ* 
ent compounds in different proportions. The above com* 
pounds are, however, easily procurable, and are standard 
materials with which to prepare a solution. 

For stationary deposition, a weaker solution may be used 
even as dilute as one-half of the above strength. 

Function of the Constituents. Each constituent should have 
its particular part to play in the process of deposition. That 
of the free cyanide is to keep the anodes free from the accumu¬ 
lation of insulating films of the single cyanides. It also sup¬ 
plies, to some extent, conducting ions. Of the soluble complex 
cyanides, that of zinc more freely supplies metal ions than 
that of copper, this to some extent assisting the co-deposition 
of the two metals. Further, the hydrolysis of the free cyanide 
supplies some proportion of OH ions required to maintain 
the high pH essential to good operation. The addition of 
ammonia serves a similar purpose, though the estimation and 
therefore the control of this constituent is a little difficult. 
Though by no means general, other small additions have from 
time to time been proposed and made. 

Conditions of Operation. The solution is usually used 
warm—from 40° to 50° C. (104 °to 122° F.). The permissible 
P.D. and C.D. are not so readily and exactly stated. These 
may be determined by a little experience. In any case, con¬ 
siderable volumes of hydrogen are likely to be evolved, and 
the cathode efficiency is, therefore, low. Deposits of good 
uniform colour, rather than those which are quantitative, pro¬ 
vide the chief aim in brass plating. 

Defects in the Solution. A number of defects are likely 
to arise with this solution. Lack of free cyanide will be evi¬ 
denced by the formation of insoluble products on the anodes, 
and decrease of current, a defect readily remedied. Difficulty 
in maintaining a uniform colour will be remedied by the 
addition of either of the metallic cyanides, or an alteration in 
the composition of the anodes. These should be of the same 
composition as that desired in the deposit, although the solu¬ 
tion may not agree with this composition. 

There are then a number of variations of depositing con¬ 
ditions which influence the proportion of the two metals 
deposited, and therefore the colour of the deposit. Generally 
speaking, those conditions which make for easier deposition 

*4—(T.5646) 
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facilitate the deposition of a larger proportion of copper with 
a redder deposit. Such conditions are an elevation of tem¬ 
perature, the addition of free cyanide, and low current density. 
Concentration of the solutions has a like effect. The reverse 
conditions tend to the production of .lighter deposits which 
are, therefore, obtained with weaker and colder solutions, with 
increased C.D. 

From the commercial point of view a good solution is one 
which, over a wide range of composition and conditions, will 
yield uniform shades of deposit. From another point of view, 
however, a good solution might be regarded as one so nicely 
balanced that a slight alteration of any of the conditions pre¬ 
viously mentioned will at once yield the change of colour. 

There is, however, one possible defect which will tend to 
the production of red deposits. This is the precipitation of 
the zinc compound owing to its inferior solubility. The zinc 
compounds are readily soluble in ammonium compounds, 
and the zinc precipitates are, therefore, readily dissolved by 
the addition of either liquid ammonia or solid ammonium 
carbonate. These produce, almost immediately, a change 
of colour, and need, therefore, to be added with some 
discretion. 

Composition of Brass Deposits. An interesting feature in 
brass deposition and to some extent in other examples of alloy 
deposition is the fact that the weight of the deposit obtained 
by a definite number of ampere-hours is an indication of the 
composition of the deposit. This result is arrived at in the 
following manner. Assume for the moment that the whole 
of the current is occupied in depositing copper and zinc— 
that there is no co-deposition of hydrogen. Put the brassing 
solution in series with an acid copper bath which, with moder¬ 
ate current density, can be regarded as a coulometer. Compare 
the weights of brass and acid copper deposits. Call the ratio 
of the brass to the acid copper R. 

Take the extreme case of the brass solution containing 
copper compound alone. The copper is in the cuprous form. 
Its equivalent is 63*6, that is, twice the value of that in the 
acid copper solution. In this extreme case, therefore, R = 2. 
At the other extreme, consider the brass solution to be com¬ 
posed wholly of zinc cyanide. The equivalent of zinc is 32*5 
and R becomes 32*5 -f- 31*8 = 1 022. 



DEPOSITION OP ALLOYS 


409 


For all mixtures of deposited copper and zinc,the value 
of R will lie between these extremes. The values may easily 
be calculated. Take the case of a 50/50 deposit and consider 
100 gra. of the deposit. The equivalent amount of copper 
from the acid bath will be obtained as follows— 


50 gm. “cyanide” copper = 25 gm. acid copper 


50 ,, zinc 

100 gm. 50/50 alloy 


31-8 x 50 
32-5 


48*92 


gm. acid copper 
= 73*92 gm. acid coppor 


li in this case is therefore 


100 

73*92 


1*353 


Other values for alloy deposits of different compositions are 
similarly calculated and are shown in Table LXVI. 


TABLE LXVI 

Composition of Brass Deposits 


% Cu 

%Zn 

Brass deposit 

H ~ ""AcidCu 

100 

0 

2*000 

90 

10 

1*825 

80 

20 

1*678 

70 

30 

1*558 

60 

40 

1*446 

50 

50 

1*353 

40 

60 

1*271 

30 

70 

1*198 

20 

80 

1*133 

10 

90 

1*074 

0 

100 

1*022 


The values may now be plotted in the form of a curve 
shown in Fig. 90. 

From this curve any value of R can at once be expressed 
in terms of the composition of the alloy. More accurately the 
percentage of copper in the deposited alloy may be obtained 
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from the following expression, which is the simple mathe¬ 
matical expression of the curve— 

204 

Percentage Cu in alloy = --g- (R - 1*022) 

This is no more than a simple mathematical exercise the 
details of which need not here be considered. The accuracy 



700 90 60 70 60 50 40 30 20 10 0 
Copper. 

0 10 20 3040-50 60 70 80 90 100 
Zinc. 

Fig. 90. Composition of Brass Deposits 

of the expression can, however, easily be checked with any 
of the values on the table. Thus with the ratio R = 1*5 the 
percentage of copper becomes— 

~ (1-5 - 1 022) = 64-7 per cent 

The use of this relationship is now illustrated in the 
following table (No. LXVII), which is drawn up from actual 
experimental data. The percentage of copper is shown first by 
calculation and then by chemical analysis. The chemically 
determined amount of copper is deducted from the weight of 
the alloy to give the weight of zinc in the deposit. The weights 
of both copper and zinc are then converted into the per¬ 
centages of total current (as measured in the acid copper bath) 
required to deposit them. These should theoretically add up 
to 100. Any deviations therefrom represent either the in¬ 
accuracies of the experimental work involved (and these are 
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bound to be present, though they should be negligibly small) 
and/or the small proportion of the current which unavoidably 
deposits hydrogen. 

The figures in the table are sufficiently indicative that good 
results are obtainable under conditions in which the deposi¬ 
tion of hydrogen is preventable by the choice of sufficiently 
strong solutions and the method of operation, w'hich, it must 
be recognized, may not be those of usual workshop practice. 

TABLE LXVII 

Composition of Brass Deposits Calculated and Found 



Brass 

Cu+ + 

% Cu 
(Calc.) 

% Cu 
Found 

% current depositing 

Cu 

Zn 

Diff. from 
100 

i ! 

1*91 

950 

95-8 

91-2 

7-9 

-0-9 

2 ! 

1-90 

94-6 

94-3 

89-4 

10-4 

-0*2 

3 

1-77 

86-4 

84-8 

75-2 | 

26* I 

+ 1-3 

4 

1-60 

73-5 

72-8 

58-4 

420 

+ 0-4 

5 

1-54 

68-3 

680 

52-5 

47-9 

+ 0-4 

6 

1-52 

66*5 

65-5 

500 

50-8 

-f 0*8 


They do, however, well illustrate the principle, and in the 
case under consideration the figures for the copper percentages 
show values which are in close agreement with those obtained 
by analysis. 

The same type of treatment can be followed with other 
alloys. The process is of use in experimental work in which 
the conditions of deposition can be kept in the region of those 
required for quantitative deposition, though these conditions 
are far from being realized in the practical deposition of 
metals from cyanide and some other solutions. 

Throwing Power of Brassing Solutions. These solutions of 
the cyanide type are usually good throwers. “Good” is a 
relative term, and does not mean perfect. Both cyanide 
copper and cyanide zinc solutions show good throwing power, 
but whereas in these cases lack of throwing power does not 
produce a marked change of colour between the prominent 
and recessed parts, there may still be differences in the thick¬ 
ness. With the brassing solution, however, the case is some¬ 
what different. Differences in C.D. on the different parts will 
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be accompanied, not only by differences in thickness of 
deposits, but also there will be a difference in composition, 
and, therefore, colour. Prominent parts will, therefore, tend 
to be whiter than recessed parts. This difference of compo¬ 
sition has been experimentally confirmed by quantitative 
analysis. It is something to be avoided, and this can only be 
done by maintaining a larger distance between the anodes 
and work than would usually be allowed in the cyanide copper 
solution. 

On this matter, however, there appears to be some diverg¬ 
ence of opinion. Thus, Coats,* in a general survey of the sub¬ 
ject of brass plating, suggests that on the inside of a bowl there 
was found a redder deposit than on the outside, and that this 
contained 44 per cent of zinc. This is hardly in keeping with 
our experience nor with general deductions. 

Points about Electro-brassing. The desirable control of the 
current and therefore colour can best be effected by the use 
of a rheostat in the circuit. The amount of free cyanide 
should be watched. With too much, there will be much evo¬ 
lution of hydrogen with accompanying loss of metal deposit 
and also the tendency to blistering. Excess of free cyanide 
can be corrected by the addition of both copper and zinc 
carbonates approximately in the same quantities. Insufficient 
free cyanide will be seen bv the formation of insoluble single 
cyanides on the anodes. 

The solution can conveniently be contained in an iron tank, 
heat being applied by one of the several methods already 
indicated. 

The colour of the brass is enhanced by the addition of small 
quantities of aluminium compounds. These can be added in 
the form of alum to the extent of 6 to 10 gin. per litre or 
1 to 1| oz. per gallon. 

Where comparatively thick deposits of brass are required, 
recourse must be had to occasional scratch'-brushing, and the 
solution kept as clean as possible to avoid the deposition of 
dirt, with its tendency to roughness. Further, while the colour 
may still be good, an excessive current will give rise to burning. 
The treatment of iron castings occasions some difficulty, due 
almost entirely to the poor quality of the metal. Deposits 
are often of a grey colour. Where possible, the surface should 
* Tram. ElectrocMm. Soc., 80, 1041, 445. 
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bo well scratched with a steel brush to disengage the small 
particles of loose graphite which occur on the surface, and 
further, if the work justifies the trouble, a thin deposit of tin 
or nickel will considerably improve the appearance of the 
subsequently deposited brass. 

Generally the cathode efficiency is low. Moreover, the usual 
C.I). is also low. These factors lead to the production of rela¬ 
tively thin deposits in comparison with those of other metals. 
Low cathode efficiency may call for some adjustment by the 
limitation of anode surface, or the introduction of a propor¬ 
tion of insoluble anode such as iron. It is generally agreed 
that the first deposit contains a larger proportion of zinc, 
which soon decreases to that which is more normal for the 
type of solution. 

Additions of arsenic are sometimes made to lighten the 
colour of the deposit. If in excess, the deposit will be of a 
pasty white colour. Nickel makes another possible addition 
with a view to whitening the deposit, but the control of colour 
is best achieved by a constant solution with variations in the 
operating conditions. Some metals are more difficult to brass 
plate than others. A copper strike removes this difficulty, 
but interferes with the analysis of the deposit were this may 
be required. In this case a strike of cadmium will supply the 
need. For continuous work, solutions should be kept filtered, 
and successful deposition requires a clean cathode metal. 

Routine analysis should be resorted to periodically, though 
this is not so simple as in other depositing solutions. A little 
experience soon leads to reliable and comparable results. 

Analysis of Brassing Solutions. Two schemes of analysis 
are required according to the composition of the solution— 

1. For solutions containing the two double cyanides of 
copper and zinc with free cyanide, but no addition of ammonia 
or ammonium compounds. 

(a) Estimation of free cyanide. This is carried out in 
exactly the same manner as for the copper cyanide bath 
(page 240). 

( b ) Estimation of topper. This again follows the same 
course as in the cyanide copper bath (page 240). 

(c) Estimation of zinc.. Take 10 c.c. of the solut ion. Destroy 
cyanide compounds with H 2 S0 4 and H.NO ;j as in the estima¬ 
tion of copper in the cyanide bath. Dilute with water. Add 
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sodium carbonate to neutralize excess of acid, that is, until 
there is a slight green precipitate of copper carbonate. Add 
10 c.c. dil. HC1 and make up to 100 to 150 c.c. Pass H 2 S 
for five minutes to precipitate the whole of the copper as black 
cuprous sulphide (Cu 2 S). Filter into ^ conical flask, washing 
the precipitate with water into which H 2 S has been passed. 
A clear filtrate will indicate the complete precipitation of the 
copper. From the filtrate boil off H 2 S (testing with filter paper 
moistened with lead acetate solution which should remain 
without discoloration). Cool the solution to about 50° C. and 
titrate with standard potassium ferrocyanide solution as in 
the case of the acid zinc bath (page 331). The necessary 
calculation need not here be repeated. 

The three essential constituents are thus readily determined. 

2. For solutions to w hich ammonia or ammonium salt have 
been added— 

(а) Estimation of free cyanide. This follows on the same 
lines as with the zinc cyanide bath (page 333) in which the 
total cyanide is determined by titration with silver nitrate 
in the presence of NaOH. This estimation gives the cyanide 
which is free together with that originally combined in the 
soluble double zinc cyanide constituent. The cyanide combined 
with the zinc is then calculated from the zinc present and 
thus the free cyanide is obtained. The cyanide combined with 
the copper compound is unaffected by the action of NaOH. 

(б) Copper and zinc are separately estimated as previously 
described. 

(c) Ammonia is estimated by the distillation method 
already described for the nickel solution (page 308). To do 
this, take 25 c.c. of the solution. Acidify with acetic acid, 
testing with litmus. Then add silver nitrate solution until 
there is no further precipitation of silver cyanide. This brings 
down all the cyanides in the form of insoluble silver, copper 
and zinc single cyanides. Filter with necessary washing into 
a flask fitted with distillation as shown in Fig. 85. Add 10 gm. 
of solid NaOH and distil off into 50 c.c. N/10HC1. Excess 
HC1 is then titrated back with N/10 NaOH, so that the volume 
of N/10 HC1 used to absorb the distilled ammonia is obtained. 
Each cubic centimetre of this N/10 HC1 represents 0-0017 gm. 
NH* from which the amount of NH. in either the free or 
combined form is calculated. 
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Deposition of Bronze. What is often erroneously misnamed 
bronze-plating, but which is really a light-coloured brass 
deposit, is practised by taking a good copper cyanide solution 
and adding to it just sufficient zinc solution to give the re¬ 
quired shade. Anodes of copper may be used, in which case 
frequent additions of zinc solution will be necessary. If, on 
the other hand, anodes can be used corresponding to the com¬ 
position of the deposit there will be little or no need to make 
these zinc cyanide additions. Usually, however, copper 
anodes are employed. 

The deposition of true bronze, an alloy of copper and tin, 
is not largely practised. It is not altogether easy to find 
compatible solutions from which the co-deposition of the two 
metals can be effected. Mixtures of double oxalates were 
originally investigated by Curry* and Treadwell and Backl.f 
More recently they have been more thoroughly explored by 


Mathers and Sowder.J One solution which 
results is compounded as follows— 

gives satisfactory 

Copper solution. 

Copper sulphate. 

1 oz. 

6-25 gm. 

Ammonium oxalate 

2£ „ 

15-5 „ 

Oxalic acid 

i » 

1*5 

Water 

l gal. 

1 litre 

Tin solution. 

Tin protochlorido 

1 oz. 

6-25 gm. 

Ammonium oxalate . 

2 „ 

12-5 „ 

Oxalic acid 

i .. 

1*5 „ 

Water 

1 gal. 

1 litre 


The two solutions are separately prepared by dissolving the 
metallic compound and the ammonium oxalate in small quan¬ 
tities of water. Add the ammonium oxalate solution to the 
metal salt solution. In each case a precipitate of the single 
oxalate is formed. These dissolve by further addition of the 
ammonium oxalate. To each add the oxalic acid, and make 
up with water to the required bulk. Both solutions have the 
same metal content. They are now mixed in the proportion 
of two volumes of the copper solution to one of the tin solu¬ 
tion, and worked, preferably warm, with an anode of the 

* J. Phys . Chem 1906, x, 516. 

f Z, Electrochem ., 1915, xxi, 314. 

I T, Amer . Electrochem . <Soc., 1920, xxxvii, 525. 
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same composition as that required in the deposit. The exact 
shade can be adjusted by the addition of one solution or the 
other, and also by suitably varying the current and other 
conditions on similar lines as with brass. 

The deposition of copper-tin alloys from mixed solutions 
of sodium cuprocvanide and sodium stannate has been 
investigated by Baier and Macnaughtan,* who obtained with 
bronze anodes very satisfactory deposits under perfect control 
up to approximately 1 mm. in thickness. 

The two compounds were present in a proportion which 
gave a metallic ratio of tin: copper :: 3*5 : 1. A C.D. of up 
to 50 amp./sq. ft. could be used, the composition of the solution 
being maintained by the use of anodes of the same composition 
as that of the required deposit. 

Lead-Tin Alloys. The deposition of lead-tin alloys is not a 
common operation in electro-plating. In attempting it, 
difficulty was at first experienced in finding a solution from 
which the co-deposition of the metals could be effected, as 
each metal displaces the other according to the concentration 
of the solutions. Solutions containing tlie fluoborates of the 
metals were eventually worked with success, but as no satis¬ 
factory method could be devised for preparing a suitable tin 
fluoborate, the solution of the mixed metals was made by 
taking the usual lead fluoborate solution (page 395) and using 
in it a tin anode until sufficient tin has passed into the solution 
to give an alloy deposit of the required composition, which 
might be of the order of 50 per cent of each metal. 

The tin anodes are withdrawn and replaced by anodes 
having the composition required in the deposit. 

A C.D. of 7 amperes per sq. ft. was employed with the solu¬ 
tion agitated. Very satisfactory deposits were obtained of fine 
grain and close texture, and sufficiently elastic to withstand 
expansion when the steel base was subjected to pressure. 

The current efficiency is high, approaching 100 per cent. 
Under these ideal conditions it becomes possible to obtain a 
very good idea of the composition of the alloy deposit by a 
comparison of the weight of deposited alloy with that of either 
copper or lead deposited in the same circuit. For this purpose 
the lead fluoborate solution provides a convenient coulometer. 
As an example, let A represent the weight of lead deposited in 
* J. Electrodepos. Tech . Soc. t 1936, xi. 
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the coulomcter and B the weight of tin-lead alloy. Let x 
represent the faradays depositing tin in the alloy. Now the 
chemical equivalents of lead and tin are 103-5 and 59-5 respec¬ 
tively. The weight of tin deposited is therefore 59-5# gm. 
For each faraday depositing tin, there is a decrease in weight 
in the alloy from that of pure lead of 103-5 — 59-5 — 44 gm. 
Hence— 

A — B - 44.r 

A - B 


Now the weight of tin deposited is— 

59-5 (A - B) 


59-5x- - 


44 


and the percentage of tin 

59-5 (A - B) 100 
""" “44" X B 


135 (A -B) 

~ ‘ B 

Hence, if in two baths in series the weights of lead and alloy 
are 100 gm. and 80 gm. respectively, the percentage of tin 

135(100-80) 

80 

These results are of sufficient accuracy for most work where 
some idea of the composition of the alloy in relation to the 
composition of the solution is required. For more accurate 
work, however, an analysis of the deposit by chemical methods 
would be necessary. 

Of the two metals lead is the more easily deposited and con¬ 
stitutes the sole deposit until the solution contains a large 
proportion of the tin compound, and it is only when the tin 
and lead contents are in the proportion of 0-81 N and 0-19 N 
respectively, corresponding to 47-8 and 19-66 gm. of the 
metals per litre, or 71 per cent of tin reckoned on the total 
metal content of the solution, that the deposit contains the 
two metals in the same proportion as that of the solution. To 
maintain this composition in the alloy would necessitate the 
use of an anode of identical composition with the assurance 
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of its complete solution. More often, however, it is necessary 
to deposit alloys with a much smaller content of the costly 
tin. 

To produce the required deposit, a lead fluoborate solution 
is worked with a tin anode until the deposit contains (as found 
by analysis or by comparison with a lead coulometer) approxi¬ 
mately the percentage of tin required. Du ing this process the 
solution is kept stirred. The tin anode is then replaced by one 
containing a somewhat smaller proportion of tin than that 
required in the deposit. For example, for a 50 per cent tin 
deposit the anodes should contain approximately 45 per cent 
of tin. 

The refining of lead from the silico fluoride solution (page 
394) while extensively practised, showed the possibility of the 
undesirable co-deposition of tin. This has now been turned to 
commercial advantage for the deposition of lead-tin alloys. 
In the lead solution, impure anodes containing from 50-85 per 
cent lead, 13-48 per cent tin and up to 10 per cent of impurities 
may be used to yield a pure lead-tin alloy deposit. No control 
of the composition of the deposit is carried out, but, after 
analysis, the alloy deposit can be melted down and blended 
to meet any required specification. 

Lead-tin alloys have recently been applied in the deposited 
form to provide a bearing metal. The metals are, however, 
deposited separately, a subsequent heating bringing the two 
metals into the alloy form. In this application the bearings 
are first degreased and then cleaned electrolytically with 
subsequent rinsing. Lead is then deposited from the usual 
fluoborate bath (page 395) at room temperature, using a 
centrally-disposed revolving lead anode to ensure uniformity 
of deposit. Tin is then deposited from an alkaline bath—after 
rinsing from the lead solution—to a thickness of about 
0*0001 in. Rinsing follows, first in cold water and then hot 
water, drying being done in warm air. The tin deposit is 
then fused into the lead deposit by immersion of the plated 
bearing in a bath of oil at 350° F. for one hour, the deposit 
then having a dull grey appearance. 

Eead-Silver Alloys. A reference to the table of the hardness 
of metals reveals the fact that silver must be definitely re¬ 
garded as a hard metal, one which therefore might find some 
application as a bearing metal. Its high cost could at once be 
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offset by the use of relatively thin coatings, and these might 
be effectively made by deposition. The value is increased by 
the addition of a few per cents of lead, and so it is that the 
deposition of lead-silver alloys containing up to about 4 per 
cent of lead has been investigated with a measure of success. 
Further, it will be recalled that deposited metals are usually 
distinctly harder than in the cast or mechanically-worked 
form. This is an added advantage in the production of bearing 
surfaces by electrodeposition. 

A solution for this purpose is— 


Potassium cyanide . 


22 gm. per litre 

Silver cyanide . 


. 30 

Potassium tartrate . 

. 

• 47 

Potassium hydroxide 


0-5 „ 

Basic lead acetate 

. 

4 „ „ 


The solution is prepared by dissolving the silver cyanide 
in the potassium cyanide, and the basic lead acetate in a solu¬ 
tion of the mixed potassium tartrate and hydroxide. Both 
solutions should be clear and can then be mixed. 

The solution is operated at a temperature of 74° to 90° F., 
when dense and ductile plates with comparative smoothness 
are obtained with a current density of 5 to 15 amps./sq. ft. 

With anodes cast in graphite moulds, and of the required 
composition of the deposit, the anode efficiency is slightly 
higher than that at the cathode, but this possible increase in 
metal content of the bath somewhat offsets drag-out loss, thus 
minimizing the need for the periodic addition of salts. Anode 
composition is practically the same as that of the deposit and 
the solution works consistently over long periods. 

Aluminium Alloys. The possibilities of the production of 
aluminium alloy deposits have been investigated by Blue and 
Mathers* by the addition of compounds of the several metals 
to the usual aluminium bath containing aluminium bromide 
and chloride in ethyl bromide, benzene, or xylene. (See 
page 397.) These tests were attended by some measure 
of success, though the second metal was more usually worked 
into the solution from an anode. 

Zinc Cadmium Alloys. These metals are capable of simul¬ 
taneous deposition from solutions of their double cyanides 
with excess free cyanide, caustic potash, and addition agents, j 

* Trans. Amer. Electrochem, Soc. 1936, lxix, 529. 
t Wright and Riley: J. Electrod os. Tech Soc., 1935, x.l. 
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There is the greater tendency tor the cadmium to plate out, 
but reasonable control can be exercised by the use of an alloy 
anode with small additions of cadmium to the bath. The 
presence of more than 2 per cent of cadmium in the deposit 
has a marked whitening effect and the alloys generally have 
properties intermediate between those of the two metals. 

Cadmium-silver Alloys. These alloys are known to have a 
markedly less tendency to tarnishing than silver alone, cad¬ 
mium adding, to some extent, its permanence to the silver. 
It is, therefore, not surprising that numerous attempts have 
been made to deposit nearly stainless alloys of these metals, 
especially as both are separately deposited from cyanide 
solutions of simple types. So far no real success has attended 
the effort. The metals are too far apart electro-chemically to 
make control of the deposition easy. This can soon be verified 
by suitably mixing the two solutions and preparing a series 
of deposits. Further, the deposited alloy lacks the finish 
of pure silver, and these and other difficulties leave the 
problem in the region of the unsolved. 

Possibilities of Alloy Deposition. The extensive use of alloys 
in industry seems to suggest that more might yet be done in 
the deposition of these products. In engineering, for example, 
not many metals are used in the pure state, enhanced proper¬ 
ties resulting from controlled mixture with other metals. 
So far, very little use has been made of electro-deposited alloys, 
and there would seem to be justification for much more ex¬ 
perimentation in this direction. Doubtless an attraction is 
that of the deposition of stainless alloys. So far, however, no 
great success hag attended efforts in this direction. The 
cadmium-silver alloys have been referred to. Of still greater 
interest would be the possibility of the co-deposition of iron 
and chromium with the production of a deposit of stainless 
steel. Present methods are, however, not very hopeful. Iron 
is at present deposited entirely from ferrous solutions, and 
chromium entirely from chromic acid solutions, and these 
might be described as incompatible in that they cannot 
oo-exist in the same solution. There would appear to be no 
reason why other solutions of chromium compounds should 
not again be explored, this time more fully and with the larger 
experience which modern methods of deposition have given. 
We might then hope for the simultaneous deposition of the 
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two metals from solutions compounded from ferrous and 
chromium salts, which are stable in the presence of each 
other. 

Assuming this to be some time achieved, then; will then be 
the problem whether any advantage accrues to the new method 
when compared with all the advantages which are already 
common experience with the present methods of chromium 
deposition. 



CHAPTER XXII 

THE TESTING OF ELE CTRQDEPOSITS 

Introduction —General methods—Adhesion—Thicknoss—Determina¬ 
tion of thicknoss—Stripping methods—The jet tost—-Mesle chord 
method—Brenner magnetic test—Knight permeability rnothod— 
Hardness—Porosity—Special methods of testing porosity 

Introduction. Recent developments in electrodeposition with 
ever increasing ranges of application have necessitated stricter 
control over the different types of deposit for, sometimes, very 
different purposes. Apart from mere appearance or decorative 
effect, electrodeposits are required to increase endurance 
against either corrosive influences or wear and tear. In previous 
chapters reference has been made to the imposition of specifi¬ 
cations for these deposits. Considerable difficulty must arise 
with any attempt to reduce such specifications to a minimum, 
and many suggestions have been made for the desirable 
thicknesses of deposited coatings to meet particular needs. 
Doubtless in the course of time these requirements may be 
brought within narrower limits and suitable s]X'cifications then 
drawn up. In any case, specifications imply some means of 
checking that deposits shall conform to them. At the time of 
writing, methods of control of deposits are far more exacting 
than specifications, and it is to the testing of metallic deposits 
that We must now give a little attention. 

General Methods. In any case much work is and will for a 
long time continue to be approved by the simple process of 
inspection, while samples from batches will be withdrawn for 
more exact treatment. Among the requirements will be those 
for testing adhesion, hardness, thickness and freedom from 
porosity. Some of these tests may be of a qualitative character 
while stricter supervision will at times call for quantitative 
methods of testing. In any case a large proportion of relatively 
thin deposits must be passed and accepted without anything 
in the nature of exact testing, but these more precise methods 
will find increasing application in industry and also when new 
methods of deposition are being investigated. 

Adhesion. In by far the larger number of cases of deposition 
adhesion will definitely count, and this is a property in which 

422 
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there must be of necessity much room for individual assess¬ 
ment in the absence of more exact methods of measurement. 
The matter has, however, been successfully tackled from the 
quantitative point of view. A few of the methods available 
will be briefly reviewed. 

(1) A simple yet effective method requires no more elaborate 
apparatus than the back of a penknife or similar piece of 
metal. An inconspicuous part of the deposit is rubbed back¬ 
wards and forwards by the applied metal with a little pressure. 
No impression is made on a deposit which adheres well, but 
with one of poor adhesion small blisters will develop. Such 
rubbing accentuates poor adhesion to such an extent that 
soon the deposit and base metal part company. Personal 
judgment plays a large part in deciding the degree of adhesion. 

(2) A more exact method devised by Hothersall* calls for 
a relatively thick deposit usually of nickel of the order of two 
to three hundredths of an inch, this being formed on a piece 
of brass about two inches square. The outer margins of 
relatively rough deposit are first sawn off, the edges being 
filed smooth. The plate is gripped in a vice and a chisel point 
inserted between the deposit and brass. The deposit is thus 
turned outwards and possibly flattened forming a tongue 
which can be gripped with pliers and thus pulled away from 
the basis metal. Alternatively, if there is difficulty in inserting 
a chisel, a cut is made on one side of the deposit and the 
sample bent through an angle of 90 degrees. 

In either case poor adhesion is evidenced by the easy 
separation of the deposit, leaving the basis metal relatively 
smooth and free from deposit. Strong adhesion will be shown 
by a sharp fracture of deposit and basis metal, and where the 
deposit can be torn away it will bring with it some of the 
surface of the basis metal so that the brass is torn rather 
than the two metals separated. 

(3) While such qualitative methods are of value in pro¬ 
viding useful indication of the success of the plating process, 
more exact scientific testing is needed, if possible, of a quanti¬ 
tative character. Adhesion may then even be expressed in 
terms of the pull of tons per square inch to effect the separ¬ 
ation. These requirements are met in. the Ollardf method 

* J . Electrodepo . Tech. Soc., 1932, vii, 115. 

f Trana . For. Soc., 1926, 21, 81. 



424 


ELECTRO-PLATINI* 


(Fig. 91), in which a small cylinder of base metal is taken 
and stopped oft' so as to leave one circular end and a small 
distance along the length to receive the deposit. This stopping 
off can be done with wax. A minimum thickness of about 
one-tenth of an inch or more of electrodeposit is now made 
since the method is not applicable to thin deposits. A little 
of the deposit may grow over the edge of the wax, the general 
appearance being represented in (b). The wax is removed and 
the deposit machined to the form shown in (c). This is now 
placed in a support as shown in (d) and pressure applied to 
effect separation on the overhanging part of the deposit 
resting on the cylindrical support, and force applied to the 
cavity until the deposit is torn from the cylinder. The applied 
force is measurable and so also is the area of the end of the 
cylinder remaining after the machining. From these data, the 
force required to bring about separation may be expressed in 
lbs. or even tons per sq. in. Some surprisingly high figures 
have been revealed by this method and many examples showed 
that, by careful attention to the preparation of the surface 
before the application of the deposit, it frequently happened 
that basis metal was torn away with the deposit rather than 
the deposit being detached from the basis metal. 

A more recent review* of the process has shown that with 
accurate machining of the test piece there is a closer approach 
to tensile separation, and that the sometimes very high figure 
(in one case of 60 tons per sq. in.) is due to the continuation 
of the crystal structure of the basis metal by the growth of 
the deposited nickel. In such cases the deposit is held to the 
basis metal by atomic forces. 

Thickness. This is obviously an all-important property and 
for at least three reasons: (1) It has been definitely established 
that there is a relation between thickness and porosity, 
increasing thickness diminishing porosity, so that in order to 
obtain minimum porosity there must be some minimum 
thickness. (2) Naturally too, increasing wear will accrue to 
increased thickness other conditions being equal, while (3) on 
account of the very poor throwing power of a number of 
solutions there is, in consequence, very uneven distribution 
of current and wide variations of thickness. Some knowledge 


* Metal Industry , 13th Juno, 1941. 
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of thickness thus becomes essential. Further, in the case of 
the precious metals an idea of thickness is useful. 

In devising methods for this purpose it is desirable that 
(1) these should be as simple as possible and not involve 
expensive or complicated apparatus, (2) they should not 
damage the article more than is absolutely necessary, and (3) 
they should take into account variations of thickness. 

Determination of Thickness 

(а) Direct Measurement. Such methods involve making 
sections of the deposits, mounting them in Wood’s metal or 
Bakelite and measuring the thickness under a metallurgical 
microscope using a magnification which may need to go up 
to 250 diameters. The disadvantages of this method are that 
the article is damaged and also that relatively expensive 
apparatus is required with the application of considerable 
technique. Further, soft deposits flow during polishing, 
leading to indefinite boundaries. Against these must be set 
the great advantage that the method is absolute and is 
applicable to composite coatings. 

(б) Chemical Stripping Methods. These methods involve 
taking a sample of given area and dissolving off the deposit 
by means of some reagent which does not attack the basis 
metal. The amount of metal removed can be ascertained 
either by loss of weight or, more tediously but more accurately, 
by the analysis of the solution formed. Accuracy in the mea¬ 
surement of the area thus treated is essential, and from the 
weight of metal removed the thickness can be easily calculated. 

For the stripping process a number of reagents are available. 
For example, chromium may be removed by cold dilute HC1 
or hot dilute H 2 S0 4 . Tin, cadmium and zinc are readily 
removed by immersion in a strong HC1 solution containing 
antimony chloride. This reagent is generally made by dis¬ 
solving 20 gm. of antimony oxide in a little cone. HC1 and 
adding the solution to a litre of the strong acid. Silver is 
removed by immersion in a mixture of cone. H 2 S0 4 and cone. 
HNO s in the proportions of 19 to 1 by volume, the mixture 
being kept at 80° C. The application of these reagents together 
with some needful preparation of the specimen and the final 
rinsing and drying of the metal are points which should not 
require emphasis here. 
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A simple calculation then serves to show that— 

0*0001 in. of chromium weighs 0*0113 gm. per sq. in. 

0*0001 in. of zinc „ 0*0113 „ „ 

0*0001 in. of cadmium „ 0*0142 „ „ 

0*0001 in. of tin „ 0*0118 ,, ,, 

from which table, thicknesses of any deposit can be obtained 
from the weight of metal removed by a simple calculation. 

Similarly, the following formulae may be used for calculating 
thickness from the weight of metal removed— 

Wt. _ co.ting ( 02 .) X K, . Th . ckness 

Area (sq. m.) ' 

Wt. coating (gm.) X K a _ ^ (cm 
Area (sq. cm.) 

Wt, coating (gm.) X K , = Thickne<s (inoh) 

Area (sq. cm.) 

the values of the constants K x , K 2 and K 3 being given in 
Table LXVIII. 

TABLE LXVIII 

Constants for Thickness of Deposits 



K, 


K a 

Cadmium 

0*201 

0*116 

0*0458 

Chromium 

0*243 

0141 

0*0554 

Copper. 

0*195 

0*112 

0*0443 

Nickel . 

0*195 

0*112 

0*0443 

Silver . 

0*165 

0*095 

0*0375 

Tin 

0*237 

0*137 

0*0539 

Zinc 

0*243 

0*141 

0*0554 


These constants embody the relative weights of equal 
thicknesses of the various metals. 

Variations on this principle are capable for individual metals. 
Thus in the case of— 

(1) Zinc the deposit is readily removed by immersion in a 
solution of lead acetate which should be almost saturated, 
and the free acid removed by shaking with lead oxide and 
filtering. A measured sample of the plated metal is cleaned 
and weighed. The zinc dissolves, depositing an equivalent 
weight of lead. The completion of the process is shown by the 
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surface of the metal remaining unaffected. After rinsing and 
drying, the specimen can be re weighed to ascertain the loss 
in weight, and therefore the average thickness, by calculation. 

Three pieces of hot galvanized steel were submitted to this 
process with the following results— 

Weight before 20*765 20*904 20*302 gm. 

„ after 19*621 19*690 19*099 „ 

Loss 1*144 1*214 1*203 „ 


The small plates were 2 in. by 1J in. Adding th<se losses 
together and taking the area of the three pieces on both sides 
the weight per foot super becomes— 


3-561 X 144 
2 xTxTrx 3 > 28*4 


oz. approx. 


A further method for zinc is that of immersing the cleaned 
apd weighed specimen in a solution containing— 

Ammonium persulphate . . 5 gm. 

Ammonia (-880) . . ]()<*.(*. 

Wator to . .1 litre' 


With stirring, the deposit will be dissolved off in the course 
of 30 minutes after which the specimen is rinsed, dried and 
weighed. Then— 


thickness (inch) 


lo'S in weight (gm.) 
area (sq. in.) x 113 


A simple calculation based on the examples on page 427 
will show how the figure 113 is derived. 

(2) Cadmium. A convenient met hod of testing the thickness 
of cadmium deposits is that of taking a small smooth steel 
rod of 2 in. length and half an inch in diameter. A fine hole 
is bored through at one end in order to allow of convenient 
wiring. This is cleaned and weighed and plated with a batch 
of work which is being tested. When deposition is finished 
the test piece is washed, dried and reweighed. From the 
increase in weight the thickness of the deposit is readily 
obtained thus— 

The surface of the test piece can easily be calculated to be 
practically 3*5 sq. in. One mil of cadmium on this surface 
represents— 

7 1 10*4 86 

2 X 1000 X 1 X 1 = >5 8 ram - 
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Iu any test therefore each *5 gram of cadmium on the test 
piece represents a deposit of one mil. The cadmium deposits 
are then easily removed by a few moments immersion in 
hydrochloric acid containing antimony chloride. 

A further test for the thickness of cadmium deposits follows 
the same lines as that for zinc (page 427) when— 

.. loss (gm.) 

t in. ->”—'- 

area (sq. m.) X 142 


(c) The Jet Test. By far the most reliable method for quick 
determination of thickness of deposit is the so-called B.N.F. 
jet test due to S. G. Clarke,* in which a 
continuous stream of a liquid reagent is 
allowed to impinge upon the surface of the 
deposit and the time noted to produce per¬ 
foration. This test necessitates calibration 
by the production of a series of curves 
relating the thickness of the deposit with 
the times of perforation at different 
temperatures. 

The apparatus, now in a very stan¬ 
dardized form, is shown in Fig. 92. The 
specimen to be tested is first freed from 
grease and mounted in an inclined plat¬ 
form. On to it the special reagent is 
allowed to flow as a con¬ 
tinuous stream, the time 
required to eat through the 
deposit being noted. Quite 
obviously the rate will de¬ 
pend upon a number of 
conditions, including the 
nature and strength of the 
reagent, the rate of drop¬ 
ping, the temperature, etc. 

There is consequently the 
need for the calibration of the method against a number of 
deposits of accurately known thickness. This calibration is 
expressed as a number of curves from which thicknesses are 
readily computed from the times required for perforation of 
* J. Klectrodcpos . Tech . Soc., 1937, xii, 1. 
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Fig. 92. B.N.F. Jet Test 
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deposits under definite conditions. Details of the use of the 
apparatus are supplied with individual sets and given also in 
the original paper referred to. This jet-test marks an advance 
on a somewhat similar method of applying a stream of drops 
to the test piece. 

Etching reagents are a matter of investigation, and some of 
these are given herewith— 

(1) Cadmium— 

Ammonium nitrate . . . 110 gm. 

Hydrochloric acid ... 10 c.c. 

Water to .... 1 litre 

(2) Zinc— 

Ammonium nitrate . . .100 gm. 

Hydrochloric acid . .55 c.c. 

Water to .... 1 litre 

An alternative solution for zinc and cadmium deposits 
proposed by Brenner is as follows— 

Chromic acid (Cr0 3 ) . . . 200 gm. 

Sulphuric acid . . 50 „ 

Water to .... 1 litre 

To it is added a small amount of potassium ferricyanide. 
Results obtained with this reagent checked very closely with 
those obtained gravimetrically by the antimony chloride 
method. 

In an example for zinc and cadmium, this reagent is applied 
at the rate of 100 drops per minute (1 drop = *05 c.c.) on to 
the deposit until it is penetrated. The time for penetration 
is a measure of the thickness by the use of a factor derived 
from careful tests on deposits of known thickness. The 
thickness of coating in hundred thousandths of an inch is 
derived by multiplying the time for penetration in seconds by 
the following factors for different temperatures— 

TABLE LXIX 


Factors. 


r. 

Zinc 

Cadmium 

70 

0-97 

1*31 

75 

1*01 

1*37 

80 

106 

1*43 

85 

Ml 

1-50 
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(3) Silver— 

The solution proposed by Hammond* for this purpose is 
as follows— 

Iodine ..... 7*5 gm. 

Potassium iodide . v . 250 ,, 

Water to 1 litre 

The solution is prepared and filtered through asbestos pulp 
in a Gooch filter and then by titration with a standard thio¬ 
sulphate solution reduced to a strength of 14*65 — 25 N/10. 

(4) Nickel, cobalt, copper, bronze and composite nickel- 
copper-nickel coatings—the solution contains— 

Ferric chlorido (FeCl s . 6 H z O) . 300 gm. 

Copper sulphate (CuS0 4 .5 H 2 0) 100 „ 

Distilled water to ... 1 litre 

while a somewhat similar solution with an addition of antimony 
chloride is suitable for the special case of copper deposits on 
steel. 

In all cases special attention must be paid to the form of 
the tube from which the drops of reagent are produced and 
exact specifications have been drawn up and must be adhered 
to. Details will be found in the relevant literature to which 
references are made. 

The method is now applicable to deposits of most metals 
including nickel, copper, zinc, cadmium and silver. Generally 
the conditions of the test are adjusted so that one second of 
dropping is equivalent to one hundred-thousandth of an inch 
of deposit. 

There are also variants of this dropping method. In one, 
the thickness of chromium deposits is determined by dropping 
cone. HC1 and noting the time from the commencement of 
gassing to the removal of the deposit each second corre¬ 
sponding to one millionth of an inch of deposit. 

The thickness of alloy deposits can be determined with a 
fair degree of approximation by the loss of weight method. 
Thus in the case of brass the specific gravity may be taken as 
roughly 8*3. By chemical stripping the loss of weight and 
area are known. Then— 

Area X thickness X 16*4 X 8*3 = Wt. 

(sq. in.) (in.) (cc. per cub. i .) (gm.) 

♦ J. Electrodepos. Tech. Soc. f 1940 xvi 9 
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t (in.) 

and 

t (mils) 

7*35 Wt. (gin.) 
area (sq. in.) 

The only difficulty is that of knowing the specific gravity 
of the particular composition of the alloy deposit under 
test. 

(d) The Mesle Chord Method. This consists of just grinding 
through the deposit with (1) a flat grinder such as a file on 
on a curved surface or (2) a curved grinder such for example 
as a precision wheel of known radius on a fiat surface. This 
serves the purpose of first magnifying the thickness of the 
deposit. Where a file is used, it must be kept flat and not 
allowed to rock. The method is not applicable to concave 
surfaces. Without discussing the geometrical properties of 
the surface produced it may be simply stated that as in Fig. 
93 the thickness in the case of a circular grinding wheel is 
deduced from the following formula— 



where R = radius of the wheel and (J the distance across the 
ground surface. The accuracy is of the order of 10 per cent 
but the method is not suitable for thin deposits of less than 
•0002 inch. 

(e) The Brenner Magnetic Test. This is designed for mag¬ 
netic deposits such as nickel on non-magnetic base metals such 
as brass. A magnet is suspended and supports the deposited 
test piece. The magnetic pull is proportional to the ma,ss of 
the nickel and therefore to the thickness of the deposit. It is 
necessary therefore to determine the pull required to effect 
separation and compare this with standard pulls previously 
determined against deposits of accurately known thickness. 
It will be noted that many of these calibrated methods 
provide rapidity combined with an accuracy which has 


Wt. (gm.) 
area X lb-4 x S 3 

* 1000 x Wt, 
area X 13b 
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previously been assured in the carefully conducted calibration 
tests. 

There is, however, some variation in the magnetic properties 
of nickel deposited under different conditions, but these 
properties are made much more uniform by annealing them 
at 400° C. before testing. 

The Knight Magnetic Permeability Test. This to some 
extent reverses the previous process, determining the thickness 
of non-magnetic coatings on magnetic base metals by the 
reduction of the magnetic flux due to the coating. This 
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“flow” of magnetic current is produced between pole pieces 
and the magnetic base metal. The principle is developed in 
the form of an instrument which by calibration yields easily 
interpretable figures. The method has been successfully 
applied to the determination of coatings of enamel and of tin. 

Hardness. Quite a lot of useful work has been done on the 
hardness of electrodeposits. In the early days quick and 
rough reliance was placed on such simple qualitative tests as 
scratching the deposit with, in the case of very soft deposits, 
the finger nail, or for harder deposits, a file. Such a method 
was obviously deceptive as a very thin deposit of a hard 
metal on a soft base such as lead might easily show an 
apparent scratch with the finger nail due to the yielding of 
the soft metal underneath the deposit. 

Metallurgical practice has called for much quantitative 
work on hardness, a property not easily definable but never¬ 
theless all-important. In general, hardness may be defined, 
as resistance to deformation, yet that shown in the production 
of a scratch by a diamond point under some pressure may be 
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markedly different from that of the resistance to the indenta¬ 
tion of a hard steel ball of known diameter again under 
pressure. The diamond scratch method was first employed 
by Prof. T. Turner in his sclerometer, while the ball method 
was devised by Brinell. 

The Brinell method will be appreciated from Fig. 94 in 
which is shown a hard steel ball which may be either one 
centimetre or one millimetre in diameter being pressed into 
the relatively thick deposit. Under similar conditions there 
is little indentation with hard deposits and larger “dents” 
in softer deposits. The method has been very thoroughly 
tested out, the two chief items required for the expression oi 
the hardness being the surface of the indentation and the 
pressure producing it, together with the diameter of the ball. 
A hardness number is thus obtained representing the load per 
unit surface of the spherical indentation. This is referred to 
as the Brinell number (B.N.) and is obtained thus— 


B.N. 


load 

spherical area of depression 


where— 


-£(D- V(D*-d*) 


— Kg./mm 2 


P = Load in kilograms 
D = Diameter of ball (mm.) 
d = Diameter of depression (mm.) 


More recently a difficulty arose from the fact that a steel 
ball does not produce a desirably sharp outline of indentation 
with heavy loads, some of the metal being pushed upwards 
and producing a curved edge, adding to the difficulty of 
measuring an exact diameter of the depression. The ball has 
therefore, in another instrument, been substituted by a care¬ 
fully shaped diamond which gives a sharp outline. Results 
obtained by this method are referred to diamond point 
numbers (D.P.N.) and the method is finding increasing 
' adoption in the field of research on the hardness of electro- 
deposits. 

While no great difference is observed between the values 
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obtained by the two methods in the smaller values, some 
divergence is observed with the larger values. The generally 
accepted values of a number of metals and deposits are shown 
in Table LXX. 


TABLE LXX 

Hardness of Metals and Deposits 


Metal 

1 

Annealed 

B.N. 

Hard 

Rolled 

B.N. 

Cast 

B.N. 

Electro - 
deposited 

Soft brass 

60 




Mild steel 

130 




Silver . 

25 

68 

30 

61-79 matt B.N. 





130 bright B.N. 

Platinum 

47 

97 

50 

606- 642 D.P.N. 

Palladium 

48 

109 

52 

387-435 hard 





190-196 soft 





D.P.N. 

Rhodium 

101 


101 

594-641 D.P.N. 

Nickel . 

70-90 

90-300 

70-90 

155-429 B.N. 

Chromium 



91 

500-900 B.N. 


B.N. = Brinell number. 


D.P.N. “ Diamond point number. 


At least one comment must be made on the high values 
obtained for electrodeposits, these in some cases considerably 
exceeding the values for the same metals in the cast or 
wrought condition. This would appear to be due to the 
method of building up the deposit from an infinite number of 
atomic starting points with the production of very fine 
crystal structures with accompanying hardness. 

Porosity. This is an all-important property in view of the 
fact that the degree of protection from corrosive influences 
depends to a large extent upon the lack of pores. It is, more¬ 
over, obvious that such metals as iron and steel which corrode 
easily will require more effective protection than non-ferrous 
metals such as copper and brass. 

The methods of protection have already been discussed 
briefly on page 66. Here we have to deal only with the effect 
of porosity, and for this some definite and if possible quanti¬ 
tative tests will be required. 
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Such tests should— 

(1) (Hourly reveal porous sites, 

(2) Not attack the coating itself, 

(3) Be simple, rapid and cheap, 

(4) Suitable for flat or curved surfaces, 

(5) Be non-destructive, 

(6) Be capable of easy recording and interpretation, and 

(7) Be applicable to composite coatings. 

Preliminary operations involve the removal of all grease 
films and this can most effectively be done by means of some 
liquid or vapour solvent as trichloretliylene or carbon tetra¬ 
chloride, as grease most usually collects in pores. (It will be 
recalled that the application of lanoline in the anodic oxidation 
of aluminium (page 444) is designed to fill up such pores, if 
any r , in the oxide coating.) This may appropriately be followed 
by cathodic cleaning in a weak alkaline solution such as a 
1 per cent sodium carbonate, followed by thorough rinsing. 
Subsequent to these operations a number of tests are then 
available such as— 

(а) The Salt Spray Test. This test is in extensive use, 
particularly for zinc coatings. 

Specimens for examination are submitted to an atmos¬ 
phere simulating marine conditions by the continuous or 
intermittent fine spraying of an enclosed atmosphere with a 20 
per cent salt solution, the comparative endurance of the specimen 
being measured by the period of exposure without revealing 
weak spots and also the general type of the weakness thus 
revealed. As an accelerated test this apparatus might well be 
much more extensively employed in works in which continuous 
and intelligent use would yield comparative results with a 
good degree of trustworthiness, even though the system may 
not attain the status of scientific investigation. The simple 
type of apparatus is shown in Fig. 95, in which the specimens 
are conveniently mounted on glass supports. 

The 20 per cent salt solution has a Sp. Gr. of 1*15 and is 
sprayed to form a dense fog, but not directly on to the 
specimen. A constant temperature of 95° F. ± 5° F. is 
maintained and the solution drained away and not used 
continuously. 

(б) Rusting or Er} osure Test. This consists of submitting 



THE TESTING OF EEECTROHEPOSITS 


437 


the sample to atmospheric exposure. Tt thus shows the 
behaviour of the specimen under actual conditions of son ice, 
but involves long time and is therefore not suited to rapid 
testing. It is available for most coatings but especially for 
zinc, cadmium and tin. 

(c) The H t Water Test. This has been designed more 
particularly for tin coatings. It consists in immersing the 
sample in distilled water with a slight acidity of pH 4 to pH 7 
at a temperature of 95° to 100° C. but not actually boiling, 



Fi«. 95. Salt Spkay Box 

for about 6 hours. The water should contain practically no 
solids and should be contained in a tinned copper vessel. 
From this treatment some qualitative idea of the degree of 
rusting can be obtained. 

(d) The use of Test Papers. This is more generally known 
as the “ferroxyP* test and consists in applying a piece of 
porous paper soaked in a potassium ferricyanide solution to 
the article to be tested and allowing contact for about 10 
minutes. The presence of iron through, for example, a defec¬ 
tive nickel deposit is detected by the formation of blue spots 
on the test paper. It will be realized that this provides some 
quantitative idea of the porosity in that on a given area it 
may be possible to actually count the spots and thus derive 
some knowledge of their number and location. 
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For this purpose the following mixtures have been used. 



NaCl 

K,Fe(CN),j 

Gela¬ 

tine 

Agar- 

agar 

1907 Walker’s jolly . 

10 

1 

20 


1927 Pitchers paper . 

60 

6 


30 

1933 Macnaughtan 

10 

5 



1934 U.S.A. Bureau of Stan¬ 





dards— 

1 




(A) .... 

60 

0-5 



(B) . 

60 

0*5 


10 


A large number of photographs of these papers after 
application in various tests have appeared in publications 
dealing with corrosion. 

Some sort of quantitative expression can then be made by 
taking the reciprocal of the number of spots on a given unit 
area or, alternatively, of dividing this number into 100 so that 

Resistance to corrosion = =r=--—-rr- 

No. spots per umt area 

Special Methods for Testing for Porosity. With so large a 
variety of deposits on different base metals special porosity 
tests become necessary and are available. They are not 
altogether capable of simple classification. Among them are— 

(a) For Zinc on Steel. A test may be made by immersing 
the zinc plated steel in a 10 per cent solution of caustic soda 
at 70° C. and noting where bubbles of hydrogen appear. The 
test can only be a rough one. 

(b) For Cadmium on Steel. This nfay be done by immersing 
the cadmium plated steel in a 1 per cent HCl solution for 
10 minutes when bubbles of hydrogen will appear at the 
pores. The test is non-destructive as the test piece may then 
be washed, rinsed and dried. 

(c) Deposits on a Copper or Brass Base. For this purpose 
use is made of the ferroxyl test substituting potassium fcrro- 
cyanide in place of the ferricyanide. Any attack on the copper 
is attended by the formation of brown copper ferrocyanide 
spots but the test cannot be regarded as so sensitive as in the 
case of iron and steel. 

(d) Zim Base Die-castings. Pores in the coatings on these 
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metals will be revealed by immersion in a 10 per cent solution 
of caustic soda at 70° G. when bubbles of hydrogen will 
appear at points where the zinc base metal is exposed. Altern¬ 
atively the specimen is immersed in a slightly acid solution of 
copper sulphate for 10 minutes. It is rinsed and exposed to 
H 2 S, when dark spots of copper sulphide appearing will 
indicate the exposed points on the zinc base metal. 

(e) Porosity of Chromium Deposits. Chromium deposits are 
well known to be very thin and porosity takes the form of 
very fine cracks. These may be revealed by— 

(1) Copper plating. Chromium deposits are covered with 
thin films of oxide which, while not visible, are not capable 
of receiving a coat of copper from the sulphate bath. Any 
attempt to plate such a porous deposit will result in the 
deposition of copper on the exposed nickel base between the 
cracks of the chromium deposit. These fine lines of copper 
deposit can usually be seen with the naked eye, but a quanti¬ 
tative test involves the use of a standard acid copper sulphate 
solution with known electrical conditions, when the current 
passing will be a measure of the exposed surface through 
the cracks. 

(2) A di-me tliylgly oxime test, in which the article is pickled 
in a very weak nitric acid and after rinsing a “ferroxyl” 
paper impregnated with dimethylglyoxime solution is applied, 
and will show up the exposed nickel as pink spots or cracks. 


*5 -(T. 5046 ) 



CHAPTER XXILI 

ALLIED PROCESSES 

Aluminium —Deposition on aluminium—Anodic oxidation—Chromic 
acid process—Sulphuric acid process—Dyeing of anodic deposits— 
Protection of magnesium alloys - Electrolytic polishing Produc¬ 
tion of detachable deposits Silvering non-metallic surfaces - 
Stopping off—Parkenzing—Hondenziug 

Closely allied to the general processes of electro-deposition 
are a number of operations of interest and importance. It 
will be convenient to refer to several having close association 
with the work which has been touched upon in the previous 
chapters. 

Al uminium . The metal aluminium has occasioned con¬ 
siderable trouble to the electro-plater, and it is only recently 
that this metal and its several important alloys can be 
regarded as having been successfully plated. Prior lack of 
success was not the mere result of lack of effort. Many and 
varied have been the methods attempted to overcome what at 
first appeared to be insuperable difficulties attaching to the 
task. A keener appreciation of these difficulties and per¬ 
sistent effort to overcome them has now resulted in the suc¬ 
cessful plating of this metal on lines not at first considered as 
most promising of success. 

Aluminium is, to some extent, a unique metal. It has pre¬ 
sented difficulties in other departments of industry, difficulties 
which were only overcome by unstinted attention to funda¬ 
mental principles and details of manipulation. The main 
stumbling-block is the presence, on the surface, of the very 
thin adherent film of oxide tenaciously clinging to the surface, 
and powerfully resisting the contact of two surfaces of the 
metal. This trouble long endured in the attempt to weld the 
metal, and the same cause is responsible for the difficulty in 
producing adherent deposits upon the metal. 

Deposition op Aluminium. This is an interesting problem 
which merits some attention. Numerous have been the 
attempts to plate successfully aluminium and its alloys. 
Almost as numerous have been the failures to achieve the 
desired end. There are inherent difficulties attaching to the 
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problem. These have to be systematically tackled. Hap¬ 
hazard methods can never be expected to solve difficult 
problems. The difficulties have been stated by H. K. Work* 
to be as follows: (1) Presence of an oxide coating on the metal; 

(2) high position of aluminium in the electromotive series; 

(3) presence of gas either in the metal or the plating on the 
metal; (4) failure of the aluminium to alloy with the plating; 

(5) attack of the aluminium by the constituents of solutions; 

(6) presence of impurities in the aluminium; (7) presence of 
pinholes in the deposit which allow subsequent corrosion; 
(8) difference of expansion of the aluminium and subsequent 
coating; (9) presence of solution retained in the pores of the 
metal; and (10) tension in the coating metal. Truly a formid¬ 
able list! 

A number of these difficulties will now be fully appreciated. 
They are not uncommon in other examples of electro-plating. 
Added to these are the very adherent nature of the oxide coat¬ 
ing, the unusual rapidity with which the cleaned metal in¬ 
visibly re-oxidizes, and the great reactivity of the metal in 
the electro-plating solutions, and also in contact with even 
microscopic proportions of solution retained after deposition. 
Yet another difficulty arises in the many different types of 
alloys which may be passed on to the electro-plater, who has 
no knowledge of their composition, and, therefore, the 
special treatment required. Some more than simple metal¬ 
lurgical knowledge is necessary to appreciate these differences. 

Numerous and lengthy articles have, from time to time, been 
written explanatory of the several methods which are claimed 
as having given excellent results. Here it is intended to give 
but a few indications of methods by means of which there 
would appear to be some chance of overcoming these troubles. 
For this purpose mere laboratory experiments do not go far. 
Whatever success may appear to attend such experimental 
work must be subjected to the test of service, either chemical 
or mechanical, or both. Tests of corrosion are not everything. 
Mechanical tests, subjecting the plated metal to those distor¬ 
tions which accompany service, must necessarily be made, 
often with disastrous results. Finally, it should even be 
necessary to combine the two sets of conditions. 

Among the earlier methods proposed for plating aluminium 
* Trans . Amer . Klectrochem. Soc 1928, 53, 361. 
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was that of subjecting the ordinary cleaned metal to the 
action of cathode hydrogen in a weak sulphuric acid solution; 
from this followed the obvious step of adding the metal 
to be deposited, and so catching the aluminium ere it had 
time to further corrode. The success of this method may be 
judged by its lack of application and the trend towards other 
methods, which do not make for large evolution of gas which 
may be retained by the metal. More recently, there has been 
the growing recognition that the composition of the metal is 
all-important. The different constituents require different 
methods of treatment prior to the metal finding its way into 
the plating solution. One of these elements, often uninten¬ 
tional, but sometimes definitely added, is silicon, which is 
not removed by ordinary pickling acids. The use of hydro¬ 
fluoric acid here seems very desirable. Again, the extreme 
liability to reoxidation after cleaning and previous to plating, 
brief though the period may be, involves the use of some pro¬ 
tective medium absolutely free from oxygen. The lower salts 
of some metals, such as manganese and iron—for example, 
ferrous chloride—have been proposed and used with some 
success. Ferrous chloride, however, must be strong, and more¬ 
over, it undergoes rapid oxidation itself by exposure. The 
liquid is, therefore, not altogether convenient. It is possible 
that the solution might be kept in the ferrous form by passing 
a current through it with iron electrodes. Further, at the 
plating stage a more active metal deposit, like zinc or nickel, 
would seem to be preferable to a less active one like copper. 
More success has attended the deposition of nickel in the 
absence of copper than in its presence. Further, deposits 
should be made in the absence of gas rather than in its presence. 
These are, at the be$t, only hints as to possible methods of 
attacking the problem. 

An indication of a method which has been found satisfactory 
may be given. This consists in removing the grease by 
scouring with slaked lime, followed by pickling in hydro¬ 
fluoric acid. With some alloys this may suffice for the 
cleaning, while, with others it may be necessary to scour 
lightly to remove loosened dirt or oxides of metals. In any 
case the metal is quickly plunged into a solution of ferrous 
chloride, which may be treated, from time to time, with sul¬ 
phur dioxide to maintain it in the ferrous condition. Previous 
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to plating in a nickel solution of the type recommended for 
the preliminary coat for chromium, the work is quickly rinsed 
in clean water, always retaining water upon its surface to 
prevent the free access of air. By this method very satisfac¬ 
tory deposits have been made which have also been satis¬ 
factorily chromium-plated. 

From another point of view, however, the deposition of 
metals on aluminium and its alloys for protective purposes 
provides an attractive proposition. Zinc and cadmium deposits 
are recognized as satisfactory for this purpose. Moreover, 
where applied to this end, there is usually no occasion for the 
deposit to be smooth. Matt deposits from the bath are ade¬ 
quate. This at once admits of the preliminary sand-blasting 
of the base metals, a very satisfactory method of getting rid 
of the troublesome oxide coatings. In this application the 
grease is first removed, and, after sand-blasting, the work is 
immediately rinsed and transferred to the plating bath. The 
deposition of zinc and cadmium is accompanied by the ad¬ 
vantage that in such solutions the very considerable electro¬ 
chemical activity of aluminium is less conspicuous, and 
successful deposits are, therefore, more easily obtained than 
in the case of copper. The solutions for this purpose, however, 
should contain markedly less alkali than is usually permissible 
and desired. (See page 325.) 

In this connection the following extract* may be of interest: 
“The main difficulty in the nickel-plating of aluminium is to 
obtain satisfactory adherence of the nickel to the aluminium. 
This has been solved by two methods: (1) A French process in 
which the article is cleaned with organic solvents, washed in a 
soda solution and then in pure water, and immersed in a nearly 
boiling solution containing 3-5 per cent ferric chloride solution 
(density 1*4) and per cent of 22° Be hydrochloric acid. 
This covers the aluminium with a very adherent film of iron, 
and nickel-plating can then be easily effected electrolytically 
with baths containing nickel sulphate or chloride and another 
salt such as ammonium or magnesium sulphate. (2) An 
American process in which the article is treated with hydro¬ 
fluoric and/or nitric acid, washed and nickel-plated in the 
usual manner. The best results are obtained by (1).” 

* From Institute of Metals Abstracts , July, 1936, vol. Ill, Pt. 7, 

p. 262 . 
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Anodic Oxidation. The thin films of oxide which form on 
the surface of aluminium have at least one great advantage. 
They prevent further access of air, and thus inhibit corrosion, 
thereby maintaining the lustre of the metal. This advantage, 
however, is offset by the difficulty in its removal where this is 
required in order to get down to the actual metal to effect 
welding or adhesive plating. So successful is the oxide film in 
resisting further corrosion of the metal that it is not surprising 
that attempts—very successful, too—have been made definitely 
to produce such films, with their protective properties, by 
electro-chemical means. The process has come to be known as 
anodic oxidation . 

Chromic Acid Process. Such a method was explored by Dr. 
Guy Bengough and Mr. Stuart, and attained large scale 
adoption, especially in all examples in which this metal and 
its alloys are used in aeronautical work. 

The principle of the process is simple. Suitably cleaned 
aluminium, or its alloys, are made the anode in a 3 per cent 
solution of chromic acid at a temperature of about 40° C. The 
anode suspension must be by means of aluminium wire. 
Carbon provides a suitable cathode. The arrangement is put 
in a circuit with an available voltage of 60 or more. By suit¬ 
able resistances a current is first passed through the bath, the 
aluminium being the anode as previously suggested. A P.D. 
of about 4 volts will be observed, but this immediately begins 
to increase slowly up to about 40 volts, at which pressure 
the current has automatically been reduced. The 40 volts is 
maintained over a period of 40 to 45 minutes. It is then in¬ 
creased to, say, 50 volts for a few minutes, after which the work 
is withdrawn, well rinsed, and dried. A dull deposit of alumin¬ 
ium oxide then covers the surface. It is adherent and pro¬ 
tective. Its insulating properties have already been evidenced 
by the increase in P.D. to maintain a normal C.D. of about 
3*6 amperes per sq. ft. For further protection the deposit is 
sometimes rubbed over with a soft duster smeared with lanoline. 

For this process the metal does not seem to require special 
care in cleaning. A striking feature of the process, and one 
that might be anticipated from its nature, is the almost per¬ 
fect covering power of the operation. With the usual plating 
processes, weak spots do not naturally tend to mend them¬ 
selves, else there would be little use for the “doctor.” In the 
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anodic oxidation process, however, the film-covered portions 
of the metal are insulating, while exposed metal is conducting, 
and, therefore, there is naturally a concentration of current 
on the untreated portions of the surface. By reason of this, 
very remote and deeply recessed parts are completely covered. 
In fact the solution becomes a perfect thrower ” in the sense 
that the treatment gets down into the most minute crevices. 
Long tubes of narrow diameter are, therefore, easily anodically 
treated throughout their interiors. Would that we had such 
remarkable throwing power with the deposition of some of the 
common metals! 

The method is largely used for all aluminium and alloys of 
this metal used in aircraft construction, and while it may not 
constitute the last word in the protection of aluminium it 
nevertheless goes further than any method previously devised 
for this purpose. 

Alloys are similarly treated, among them duralumin. For 
this purpose it is necessary that there shall be some limit to 
the amount of the metallic addition, possibly of the order of 
6 per cent, as most other metals are readily dissolved out 
under this treatment. If the metalic impurities or additions 
have dark oxides the film will be correspondingly darkened, 
but this need occasion no concern. The amenability of an 
alloy to the treatment is evidenced by the voltmeter reading. 
If this rises normally, as has been indicated, the process is 
proceeding. If, on the other hand, the voltage refuses to 
increase, it may be taken that constituents from the alloy 
are being dissolved out. Protracted treatment might then 
give rise to more normal behaviour, but the result can hardly 
be regarded as satisfactory. 

These films are of appreciable thickness. By the use of hot 
hydrochloric acid vapour it is possible to remove the metal 
from them, as aluminium chloride is volatile, and so to obtain 
the oxide film free from the metal. 

Sulphuric Acid Process. Alternatively, sulphuric acid varying 
in strength from 5 to 80 per cent may be used either with or 
without the addition of other compounds. These may comprise 
either active acids which are themselves capable of acting 
as electrolytes for anodic oxidation, for example oxalic 
acid, or alternatively, neutral Balts of metals, for example 
aluminium sulphate. It should be noted, however, that this 
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compound is bound to accumulate in the process owing to 
solvent action. 

The C.D. employed may vary from 5 to 40 amperes per sq. 
ft. although the latter figure is seldom used in practice, the 
C.D. generally used being of the order of 20 amperes per sq. ft. 
Bus-bar voltages of 10 to 20 volts are necessary for this pur¬ 
pose. Although the current remains remarkably constant 
during the process, there is immediately an initial current 
“surge” which is much higher than the stable current which 
follows when the first layer of oxide is formed on the anode 
surface. 

The oxide as it is formed increases the internal resistance, 
and the bath gradually warms up in consequence. It is there¬ 
fore necessary to employ means of cooling the electrolyte to 
keep it at a comparatively low temperature. 

There are very distinct differences in the operation of this 
bath from the chromic acid process. It has already been noted 
that the power operates at constant voltage while the chromic 
acid process necessitates continuous voltage increase. The 
latter is therefore a “ batch ” type of process while the sulphuric 
acid process is not, and the bath may be loaded at any time, 
irrespective of the presence of other work in the bath, while the 
time of treatment in the sulphuric acid bath is of the order of 
20 to 30 minutes against not less than 60 minutes in the 
chromic acid process. 

Further, the chromic acid process is unable to anodize 
aluminium alloys containing metals other than aluminium in 
excess of about 6 per cent, while the sulphuric acid electrolyte 
is not so sensitive to “ impurities ” in the alloy and can success¬ 
fully anodize materials containing as much as 12 to 14 per 
cent of alloying metals. 

Again, the type of oxide film differs in the two processes. 
The chromic acid film is characteristically opaque while that 
from the sulphuric acid process is translucent, and the hard¬ 
ness may vary considerably with the conditions employed in 
its production. The film may be so ductile that mild forming 
and pressing operations are possible with the treated sheet and 
it may also be so hard as to scratch glass. 

A comparison of the several processes has been made by 
Willstrop and Sutton.* These investigators find that although 
* J. Electrodepos. Tech. Soc. t 1939, xv, 53. 
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some claim is made for the use of A.C. when used either 
alone or superposed upon D.C. for the sulphuric acid process, 
there appears to be no advantage in this method in the case 
of the chromic acid process. When applied in the sulphuric 
acid process there is less solution of the aluminium than with 
D.C. alone, while with the acid of 16 per cent concentration 
by volume, effective film formation occurs at lower voltages 
than those of the chromic acid or oxalic acid processes. In 
sulphuric acid, loss of metal is greater than with chromic 
acid, and amounts to 0*13gm./dm. 2 with aluminium and 
0*033 gm./dm. 2 for duralumin, while with the Bengough- 
Stuart process the corresponding figures are 0*004 to 0*007 
and 0*010 to 0*023 gtn./dm. 2 . 

A quick test for the efficiency of such anode films is that of 
putting the part as an anode in a circuit containing a flash - 
amp as source of current with a small lamp in circuit. An 
adequate coating will prevent sufficient current passing to 
light up the lamp, while, on the other hand, if the lamp lights 
up, it shows that there is an appreciable part of the surface 
inadequately oxidized and therefore functioning as an 
anode. 

During steaming there is a definite absorption of water in a 
combined form, the bulk of which is retained in combination 
after heating to a temperature of 170° C. for several hours. 
Generally, however, no great advantage seems to accrue to 
the general properties of the chromic acid film by the process, 
though the protective properties of the oxalic acid film are 
enhanced by steaming. 

Again, in the chromic acid process it has been showm that 
only 5 per cent of the film is produced during the first 15 
minutes while the voltage is rising to 40, although 12 to 15 
per cent of the total energy was consumed in this initial 
stage, an expensive one from the point of view r of energy 
consumption. 

Phosphoric acid solution of 3 per cent by volume of the 
1*75 specific gravity acid also gives good films, but there is 
the serious risk of the solution of the metal. 

Chemical examination of the oxide films gives them a water 
content varying from 1 to 6 per cent, much less than that 
required by the formula of the monohydrate (A1 2 0 ; ,. H 2 0). 
The forming process is attended by a loss of aluminium, part 
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of which is directly converted into oxide while an appreciable 
amount passes into the solution. That some aluminium also 
passes into the solution by chemical action is shown by the 
presence of hydrogen in the oxygen evolved. The oxide film 
has a lower density than that of the metal and while only 
60-80 per cent of the missing metal is converted into oxide, 
it may even be possible that some allowance must be made 
in the case of fine tolerances. Again, it is known that porosity 
of the film is diminished by treatment in boiling water with 
the formation of a larger proportion of the monohydra to 
the increased volume accounting for the closing of the 
pores. Finally, it may be stated that a similar oxidation 
can be effected in an oxalic acid solution of 3 per cent or 
thereabouts. 

Dyeing of Anodic Deposits. Inasmuch as aluminium com¬ 
pounds are frequently employed as mordants in the dyeing 
of fabrics, there at once arose the possibility of decorative 
effects upon these oxide films produced electrolyticallv. It 
was soon seen that such deposits of aluminium oxide 1 lent 
themselves admirably for this decorative work, and by im¬ 
mersion in suitable dyes very pleasing colour effects are 
readily attainable. Numerous dyes are available for this 
purpose, these being of the water-soluble type, in some cases, 
too, undergoing a change of colour in combination with the 
oxide film. Generally, it may be said that such colouring 
effects are best obtained on the newly formed films rather 
than after drying off, and in some cases the dyeing process 
can be carried out simultaneously with the production of the 
oxide film. 

Such coloured films considerably increase the range 1 , hitherto 
very limited, of colour effects on aluminium and aluminium 
alloy products. Where, however, dyeing is to be applied, 
there is greater need for preliminary cleaning to secure greater 
uniformity of colour. 

Protection of Magnesium Alloys. Recently, the metal mag¬ 
nesium, on account of its extreme lightness (specific gravity 
1*74), has coma, in the alloy form, into extensive use in air¬ 
craft construction. The alloys most eoinmonly used—and 
they are many—are those containing, in addition to the mag¬ 
nesium, aluminium and zinc, together with small additions of 
other metals. The range of these additions is extensive, and 



ALLIED PROCESSES 


449 


reference should be made to the literature* on the subject for 
details. These alloys, in common with those of aluminium, 
require some surface treatment to enable them to stand up 
against corrosive influences. A number of methods are now 
being applied to achieve this end. 

Generally, the surface to be treated requires preliminary 
treatment in order to eliminate grease. Both acid and alkali 
solutions are used for this purpose. A 10 per cent cold nitric 
acid serves the purpose by repeated dipping and rinsing, 
though it occasions some etching, and this may be a disadvan¬ 
tage with accurately machined work, in which case a hot 

2 per cent solution of caustic soda is to be preferred, but this 
again cannot be used if the component under treatment con¬ 
tains aluminium parts. The protective treatment is then 
affected in one or other of a number of solutions— 

The chromate bath 

Potassium diehromate . . .15 per cent 

Nitric acid ( I 4-2) . . .* 22 ,, ,, 

Water . . . . . 03 ,, „ 

The solution is used cold with a dipping period of from } to 

3 minutes. 

This bath is capable of a number of variations. 

The selenium bath 

Selenious acid . .10 per cent 

Sodium chloride 0*3 ,, ,, 

Water . . 89-7 ,, 

The solution is used cold with an immersion period of up 
to 15 minutes. 

Electrolytic Polishing. The subject of electrolytic polishing 
has already been referred to in the cases of silver (page 254) 
and nickel (page 299). It is of comparatively recent origin and 
bids fair to justify further exploration. A survey of the sub¬ 
ject has been made by Wernick,t who points out the pioneer¬ 
ing work which came to be undertaken as a result of the more 
or less chance observation of the improved appearance of 
a number of metals by anodic etching. The fundamental 
principle as explained in the connection with silver seems 
to be that of the masking of depressed portions of the anode 

* Magnesium: Its Production and Use. Pannell. (Pitman. 1 
f ../. Klectrodepos. Tech. Soc ., 1943, lS t 103 -120. 
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surface, probably by the temporary formation of less soluble 
films, thus diverting the current to the more elevated, and 
therefore exposed, portions of the surface. Two immediate 
applications are possible. In the first, metallographic speci¬ 
mens have now for quite a long time been prepared for exam¬ 
ination by this method. Obvious advantages are the less 
laborious process, together with the fact that the surface is not 
deformed, and the crystalline structure interfered with by the 
mechanical work involved in the usual polishing process. 
Once the apparatus is set up, the process is simple, and the 
time involved independent of the area of the surface required 
to be treated. 

But the process has big possibilities in industry. Stainless 
steel, for example, is not readily amenable to the ordinary 
polishing processes, some limits being set by the available 
polishing compositions. The electrolytic process overcomes 
many of these inherent difficulties. Variations have been 
developed both in America and in this country. They employ 
fairly strong solutions of phosphoric or sulphuric acids to 
which the addition of some organic addition agent seems to 
be advantageous. 

One such solution proposed by Uhlig* is— 

Phosphoric acid . . . 42% by weight 

Glycerine . . 47% „ „ 

Water . 11% „ „ 

The solution is used a temperature approaching 100° C. 
with a C.D. of up to 80 amperes per sq. ft. Lower C.D’s lead 
to a more anodic solution which is quite low at high C.D’s, 
amounting to not more than 0 0005 in., so that dimensional 
tolerance limits may be adhered to. The temperature is a 
little against the process on account of the high rate of 
evaporation. The action of the glycerine is probably to form 
complex compounds with the acid of higher resistance in 
addition to some inhibitive effect. 

Aluminium is another metal amenable to the electrolytic 
polishing process. Processes have been described by Pullenf 
and Ensor.J They usually employ an alkaline electrolyte, 
this difference from other metals being probably due to the 

♦ Trans. Electrochem. Hoc., 1940, 72. 
t J. Inst. Metals , vol. 59. 
j J. Electrodepos. Tech. Soc. t 1942, 18, 19. 



ALLIED PROCESSES 


451 


amphoteric character of the metal. Sodium carbonate and 
sodium phosphate provide the chief constituents with a tem¬ 
perature of 150° F. or over, and C.D.’s of 50 to 60 amperes per 
sq. ft., for from 5 to 8 minutes. The film produced requires 
some protection, which is afforded by a further anodic treat¬ 
ment in a solution of sodium bisulphate, finally rinsing the 
product in hot water. 

Production of Detachable Deposits. Some branches of 
electrodeposition necessitate the removal of the deposit from 
the surface upon which it is made, and a number of methods 
are available to effect this detachment. 

1. Graphite Film. In electrotyping with wax the removal 
is readily effected by reason of the graphite conducting 
film. 

2. Chromate Method. In lead moulding, immersion of 
the lead mould in a weak solution of potassium dichromate 
(1 gm./litre) produces a thin film of lead chromate which serves 
the same purpose. The dichromate method is available also 
for other metals. 

3. Sulphide Method. In the production of copper sheets 
on rotating brass mandrels, separation is usually effected by 
wiping over the surface of the brass cathode with a solution 
of a sulphide, for which purpose the sulphides of potassium, 
ammonium, and barium are available. The sulphide film is 
conductive, but allows of the ready separation of the deposit 
from the basis metal. 

4. Wax Film. Quite an old method is that of painting over 
the surface of the metal cathode a thin film of a solution of 
paraffin wax in alcohol. The solvent dries off, leaving the 
merest film of wax which again does not hinder conduction 
but admits of the easy separation of the deposit. 

5. Silver Iodide Method. This involves the deposition 
of a film of silver by immersion in a silver solution of com¬ 
position corresponding to the ordinary silver-plating bath. 
A few minutes’ immersion suffices. The deposit, after rinsing, 
is then treated with a weak solution of iodine resulting in the 
conversion of the silver film into silver iodide, upon which 
copper is easily deposited and from which it may be readily 
detached. 

6. Silver Film. For many purposes it will be found that 
the silver film produced by immersion in the silver cyanide 
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solution provides an excellent means for the separation of 
deposits made thereon, without recourse to the addition of 
iodine. On both smooth and matt surfaces we have found this 
method to be both simple and very efficient. Even a matt 
copper deposit from the acid bath treated by this method, 
and the deposition of copper continued, admits of the 
separation of the second deposit without difficulty or tearing. 
The method may be made applicable to other metals by the 
prior formation of the merest film of copper by electro¬ 
deposition. 

7. Metal Films of bright nickel or chromium offer effective 
methods of separation. In the case of chromium the separa¬ 
tion all too frequently occurs during deposition owing to the 
stresses in the deposited metal. 

Silvering Non-metallic Surfaces. A brief reference to the 
production of silver coatings on non-metallic surfaces to 
initiate electrodeposition is relevant here. Examples of the 
application of these processes are to be found in the production 
of parabolic reflectors for cinema projectors and heliograph 
mirrors. The process consists in silvering, by immersion, glass 
moulds of the required form, the silver deposit providing a 
conducting base for a subsequent deposit of copper of sub¬ 
stantial thickness. When the copper deposit is removed the 
silver is attached to the copper, thus leaving the glass, and 
the silvered copper deposit is then rendered immune against 
tarnishing by a deposit of rhodium. 

In an informative review of these silvering processes 
Hepburn* includes a number of well recognized formulae of 
the silvering solutions, of which one, using cane sugar as the 
reducing agent, is as follows— 

Stock Solution A. 

Cane sugar (loaf or granulated sugar) . 100 gin. 


Nitric acid (Sp. Gr. 1*22) ... 5 c.c. 

Alcohol ...... 200 c.c. 

Water to ...... 1 litre 

Stock Solution B. 

Silver nitrate . . .10 gm. 

Water to ...... 1 litre 


* J. bRectrodepoa. Tech. Soc. t 1941, xvii. 
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Stock Solution C. 


Strong ammonia solution ( SKO) . . 200 r.c. 

Water to . . . . . 1 litre 

Stock Solution 1). 

Potassium hydroxide . . . .10 gni. 

Water to ...... 1 litre 


From these the silvering solution is prepared by taking 
200 c.c. of solution B (AgN0 3 ) and adding solution C drop 
by drop until the brown ppt. first formed (silver hydroxide, 
AgOH) just redissolves. An addition of 10 c.c. of solution D 
(KOH) is now made which again effects the pptn. of silver 
hydroxide the ppt. again being redissolved with the minimum 
amount of ammonia solution C, avoiding excess. To this 
prepared solution add 10 c.c. of solution A (sugar). The 
carefully cleaned glass surface is dipped into, or covered by, 
this solution, when silvering takes from 5 to 15 minutes. Such 
silver deposits are quite thin as compared with the usual 
electro-deposit and also involve loss of silver by the silvering 
of the containing vessel and also in the form of pptd. silver 
oxide. 

This and similar processes first used in the silvering of 
glass, are applicable* to the wide range of plastics now in 
considerable use and thus increase the range of electro- 
deposition on non-conducting surfaces. 

Stopping Off. There are many examples in clectrodeposi- 
tion in which portions only of the work require to be plated. 
Others need to be shielded from deposition. Such examples 
cover both decorative and industrial purposes. This protec¬ 
tion or stopping off is effected by the application of a coating 
of a material which needs to be (1) insulating, (2) relatively 
hard to withstand handling, (3) stable against the corro¬ 
sive action of the solutions, and (4) subsequently easily 
removable. 

For solutions not containing cyanides, an ordinary type of 
asphaltum varnish suffices. This is applied to the cleaned 
surface, taking care that the exposed parts do not become 
touched with the varnish. After thoroughly drying, the work 
goes either straight to the plating bath, or it may be passed 
through a dip to ensure the removal of any tarnish resulting 
from the exposure during the application of the varnish. No 
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mechanical processes can be applied during deposition, and 
subsequently the varnish is removed by a suitable solvent, 
such as turpentine, and the work freed from the solvent, ready 
for further processes of metal colouring or finishing. Where 
deposition is to be effected in a cyanide solution, copal varnish, 
coloured with a little yellow chrome, must be used, as asphal- 
tum does not withstand the action of cyanides. 

The process of stopping off finds its largest application in 
the more recent methods of building up (page 292) in which 
large surfaces require to be shielded from the deposition 
which is applied to relatively small areas for the purpose of 
increasing the diameter of a part by the application of a 
deposit of considerable hardness. 

For this purpose, paraffin wax was first applied up to the 
limit of the required deposit. Time of immersion must allow 
of the metal attaining the temperature of the wax bath for 
the production of a relatively thin and uniform coating. The 
work is withdrawn from the wax bath and then allowed to 
drain. A second immersion may be required to attain the 
requisite thickness of wax to permit of perfect insulation, and 
also to withstand subsequent handling. Some subsequent 
touching up of the wax film may be required to obtain the 
sharp line marking the boundary of the surface to be deposited 
upon. In the subsequent plating process, care must be taken 
to keep the temperature of the depositing solution well below 
that of the softening point of the wax. After deposition, 
which may be a matter of hours, days, or in some cases even 
weeks, the wax can be removed by re-immersion—after 
rinsing—in the hot wax bath, and subsequently in boiling 
water. During the removal process, a thin film of wax will 
spread over the deposited metal, but this will not interfere 
with the further grinding process to bring the thickness or 
diameter to the required specification. 

More recently, waxes of the chlorinated naphthalene type 
have been largely employed. 

Further variations in the composition of waxes for this 
purpose of stopping off now permit of the immersion of the 
whole of the part in the wax bath, subsequently removing 
the wax from that portion upon which the deposit is to be 
made. Where obtainable, higher melting and softening points 
for these waxes are advantageous, together with lower specific 
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gravity. Increased hardness will also permit of a larger 
factor of safety in subsequent handling. 

The work is first degreased in trichlorethylene, with a subse¬ 
quent treatment in a hot alkali solution, and, after rinsing, 
dried. Those portions to be plated are then painted over with 
either glycerine or a paste of glycerine and chalk in the pro¬ 
portion of four of chalk to five or six of glycerine. The work 
is then immersed in the wax pot, the temperature of which 
may be maintained thermostatically and the tank suitably 
lagged for the conservation of heat. After the work has 
acquired the temperature of the wax, it is withdrawn and 
allowed to drain and cool. A second immersion can then be 
given to increase the thickness of the wax film. After removal, 
draining, and cooling down, those areas which have been 
treated with the glycerine composition can then be easily 
stripped of the wax film. The stripping is started by means 
of a sharp knife. The exposed surface is then cleaned again 
in a luke-warm electrolytic bath, after which it is transferred, 
after rinsing, to the depositing bath. 

After deposition the wax is removed by immersion in the 
hot wax bath, followed by immersion in hot water, or by de¬ 
greasing. The boiling water method has the advantage of 
leaving a thin film of wax on the surface, which provides some 
measure of preservation in the ease of ferrous metals. 

Parkerizing. While not in any sense an electrolytic process, 
this method of rendering iron and steel rustproof calls for 
brief mention. It has attained a considerable vogue, though 
more recently has been largely replaced by the process of 
“Bonderizing.” The Parkerizing process consists in treating 
the suitably cleaned surfaces with a nearly boiling solution of a 
soluble phosphate of iron (ferrous di-hydrogen orthophosphate}. 
By the interaction of the soluble phosphate with the metal of 
the articles treated, there is formed on the surface an insoluble 
phosphate of iron which is very adherent and protective. 
There are many variations in the patented materials used for 
this purpose, other soluble phosphates, such for example as 
that of manganese, being introduced into the composition of 
the rustproofing material. A satisfactory deposit involves 
lengthy boiling, about an hour being required. On account of 
this, modifications have been worked out in the process to 
reduce the time required for producing a protective coating. 
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This more rapid process is called Bonderizing and provides a 
surface which is an excellent ground work for the application 
of coatings of paints or enamels. 

Bonderizing. Owing to the fairly long time of immersion 
necessary to the Parkerizing process, where large mass pro¬ 
duction is carried out, the Bonderizing process has been 
developed, by which means conversion of the steel surface 
into insoluble basic phosphates can be effected in seven to ten 
minutes. Steel surfaces that have been cold rolled and there¬ 
fore superficially hardened by cold working, are difficult to 
attack, and that is why the Parkerizing process requires about 
sixty minutes’ immersion. 

The Bonderizing solution effects the change in about one- 
sixth of this time, and can be advantageously employed for 
treating mud-guards, motor-car wings, wheel rims, etc., on 
the conveyer principle. 

Parkerizing can be accelerated bv using a sand or shot- 
blasted surface. Bonderizing eliminates this necessity. 

Parkerizing has a rust-proofing value which Bonderizing 
does not claim. The latter is considered as a chemical primer, 
and a base for paint, lacquer, or enamel. Operations in 
Bonderizing are similar to those in Parkerizing. The solution 
is maintained solely by the addition of Bonderite Powder. 

The various stages in the process can be enumerated as 
follows— 

1. Degreasing either by— 

(a) Trichlorethylene, or 

(b) In an aqueous alkaline solution. 

2. Rinsing in clean, hot water, if an alkaline cleaner has 
been used. 

3. Bonderizing in a nearly boiling solution for seven to ten 
minutes. 

4. Rinsing in clean hot water. 

5. Drying out in a heated oven. 

The articles thus treated are ready for a final coating by 
either spray or ,dip methods. 

The Bonderizing solution should be contained in a steel 
tank, and kept at 208° to 210° F. Steam coils should be used 
for heating, to enable any sediment formed to settle freely at 
the bottom of the tank. The deposit which gradually forms on 
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the heating coil itself, tends to impair the heat transference 
to the solution, and therefore coils should preferably be 
arranged so as to permit of easy removal for cleaning, and 
should be made of brass, which does not scale up as readily 
as steel, and is more easily cleaned. 

The stock solution is made up of a definite strength, by 
dissolving Parco Powder (manganese dihydrogen phosphate), 
in water, and then adjusting the final strength by the addition 
of Bonderite Powder which is principally Parco Powder con¬ 
taining an accelerator. 

The strength of the solution is determined by titrating 10 
c.c., which is removed by means of a pipette, with deci-normal 
sodium hydroxide, using phenolphthalein as indicator. By 
this means, the total content of phosphate radical is deter¬ 
mined. For convenience, the strength of the solution is deter¬ 
mined by “points 5 ’; that is, the number of c.c. of deci-normal 
sodium hydroxide required to neutralize 10 c.c. of solution. 
It is recommended that initially, the solution made by dis¬ 
solving the Parco Powder, should give 26 points. The final 
adjustment is now made by the addition of Bonderite Powder, 
until the strength reads 29 to 30 points. 

After a good boiling to effect complete solution of the 
powders, the mixture is then ready for use. 

Immersion of the steel articles occupies about ten minutes, 
after which they are removed, well washed in a hot water 
rinse or spray, and then finally dried out in a heated oven. 
The latter is imperative in the case of articles which possess 
seams or overlapping metal joints. The surface of the steel is 
thus given a matt finish of a plum colour. 

After about six weeks use, the sludge and deposit at the 
bottom of the tank accumulates to such an extent, that it is 
advisable to clean out the tank. 

The strength of the solution is not the only important factor 
for successful working. Temperature is equally important, 
and should be maintained as aforementioned, at 208°-210° F. 
Should the plum-coloured surface be crystalline and sparkling, 
this indicates that the degreasing process prior to rust- 
proofing. has not been perfect, due to the incomplete removal 
of alkalis in the rinsing operation. 

The best results are obtained by controlling the ratio of free 
acid to total phosphate in solution. This ratio can be easily 
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and simply found by titrating 10 c.c. of the solution with 
deci-normal caustic soda, using both phenolphthalein and 
methyl orange together as indicators. 

On titrating, the first colour change due to the methyl 
orange, gives the number of c.c. of alkali necessary to neutralize 
the free acid present, while complete neutralization denoted bv 
the pink colour of the phenolphthalein, gives the total alkali 
to react with the total phosphate present. 

The ratio of free acids to total phosphates, should be at 
least 1:6. If the ratio drops to say 1: 5, 4 ‘smudge” will be 
produced. Should this condition exist, i.e. the amount of 
free acid is excessive, sodium hydroxide or carbonate should be 
added to the bath to effect a partial neutralization. 

It has also been found that if this ratio is kept at above 1: 6, 
“smudge” is never produced, and the speed of the reaction 
is increased. 



CHAPTER XXIV 

METAL COLOURING 

Introduction —General methods—Properties of chemical films— 
General procedure—Colouring of copper—Copper “oxidize”— 
Florentine bronze—Steel bronze—Colouring of brass—Various 
colours—Black on brass—Steel bronze on brass—Colouring of silver 
—Metallochromes—Lacquering 

Introduction. Subsequent to electro-deposition many metals 
are subjected to chemical processes by which they acquire 
relatively thin films of compounds which, in addition to their 
pleasing colour, are more permanent in air than the metals 
themselves. 

Reference has already been made to the permanence 
acquired by metals owing to the formation of thin and stable 
films of oxides. A suggestion, therefore, forces itself into 
notice that the designed production of such oxide films might 
play an important part in the longer preservation of metals 
exposed to coifosive conditions. 

If this is possible with oxides it might be equally attainable 
and effective with films of sulphides, and the processes of 
forming these films of metallic compounds for the dual purpose 
of decoration and protection are generally known as metal 
colouring. 

General Methods. These films are producible by at least 
four entirely different ways— 

1. Mechanical methods comprising those similar to painting 
and including spraying and dipping processes. 

2. Thermal methods which employ an elevation of tem¬ 
perature to bring about the desired chemical change. 

3. Chemical methods, which are the most largely used, 
whereby the metals are immersed in appropriate chemical 
solutions in order to acquire these films by chemical action. 

4. Electrolytic methods, when usually the metal is made 
the anode in the solution and is then oxidized. 

Properties of Chemical Films. These films of compounds 
offer several points of interest. They are, as may be antici¬ 
pated, quite thin. Several attempts have been made to deter¬ 
mine their thickness. Thus the colouring effects on copper may 
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be removed by a solvent which will not effect the basis metal. 
Potassium cyanide or dilute sulphuric acid will serve this 
purpose, and from the loss of weight per unit area, and an 
assumed density for the deposit, the thickness can be calcu¬ 
lated. Thus a copper oxide film obtained on copper by immer¬ 
sion in a solution of the nitrate, and subsequently heating, gave 
a weight of 99 mg. per sq. dm. or 14 grains per sq. ft. A similar 
deposit obtained from an ammmoniacal solution of copper 
nitrate gave a weight of 37 mg. per sq. dm. or 5*3 grains per 
sq. ft. A simple calculation shows that a film weighing 60 mg. 
per sq. dm. or 0*55 gm. per sq. ft. has, with an assumed density 
of 2, a thickness of approximately one eight-thousandth of an 
inch, that is, one-eighth of a mil. This is not much, but it 
does provide some measure of protection of the underlying 
metal in addition to enhancing its appearance. 

Again, quite uniform coloured films of oxides may be ob¬ 
tained by merely heating. The discolourment of copper is 
well known and is capable of a considerable amount of control. 
Steel is another case in point. In fact, the colours of these 
films of oxide on steel are so well marked that they may be— 
and indeed are—used by the toolmaker as sufficiently accurate 
computations of the temperatures required in the tempering 
of hardened steel. These temperatures with their correspond- 


ing colours are as follows— 


Temperature 
(<ieg. <\) 

Temper Colour 

220 

Palo yellow 

230 

Straw yellow 

25f> 

Brownish yellow 

265 

Purple yellow 

277 

Purple 

288 

Bright blue 

293 

Dark blue 

316 

Blackish blue 


In this case, as in many others, careful control of tempera¬ 
ture is necessary for the attainment of uniform effects. 

These and other colour effects are not to be wondered at 
when it is remembered that copper sulphate, for example, is 
definitely blue in the crystalline form, while it is much lighter 
in the powdered state, due, no doubt, to the much greater 
reflection of light from the much more numerous though 
smaller crystal faces. Again, mercuric iodide can be readily 
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transformed from the red to a yellow state by gently heating. 
Mercuric sulphide is red in its natural form, but black by pre¬ 
cipitation in Group 2 of the usual analysis scheme, while the 
yellow colour of gold by reflected light, and green by trans¬ 
mitted light, provides yet another example of colour change 
with change of state or subdivision. Further, apart from 
pleasing colour, the chemical films must possess properties 
which will make for permanence. 

In a general way it may be taken for granted that the 
compounds formed are less active than the metals from which 
they have been produced. Similarly, the removal of oxide 
films during the process of pickling is not infrequently more 
or less mechanical, the porous oxide films admitting the 
acid to the metal beneath, which becomes attacked with sur¬ 
face solution, whereby the film of oxide drops from the corrod¬ 
ing surface of the metal. This lias been very clearly shown. 
Chemical compounds are as a general rule more stable than 
the metals from which they have been formed. 

They should then be non-hygroscopic, that is, they should 
not attract atmospheric moisture. 

This quality is conspicuously absent in the case of iron 
rust, which, attracting moisture from’ the air, encourages 
further oxidation and rusting, rusting being an operation 
subsequent to the surface corrosion of the metal. 

These films must be reasonably hard and able to withstand 
abrasion. As regards colour, this may be inherent or acquired 
by the passage of light through films of differing thickness. 

Ultimately, for a still further degree of permanence, such 
films are lacquered, as it must be recognized that such chem¬ 
ical compound films cannot be regarded as altogether free 
from the possibility of corrosion. 

General Procedure. The preparation of metallic surfaces 
prior to metal colouring necessitates the same degree of care 
as with electrodeposition, possibly even more so because the 
colouring solutions employed are almost entirely free from 
any substance with cleansing properties. Many of the solu¬ 
tions are practically neutral. Absolute chemical cleanliness 
may be regarded as essential. Where successful results are 
not at first "obtained, the complete removal of the imperfect 
colour film is of the utmost importance. The exact matching 
of colours and shades is difficult in the case of small scale 



462 


ELECTRO-PLATING 


operations. On the larger scale uniform results are the much 
more frequent rule, there being greater control over the com¬ 
position of the solution and its temperature, both important 
factors. 

Differing effects again may be obtained by the use of 
different types of surface. These may be bright by polishing, 
or dead by dipping, sand-blasting, or bv the application of 
the colouring process directly on to the matt surface obtained, 
for example, from the acid copper or silver baths. Again, 
variations of effects are possible by the light scratch-brushing 
of the somewhat dull colours at first produced, or with greater 
contrast, relieving mav be applied by removing the colour 
films from the “high lights” by the application of a heavier 
scratch-brushing or of fine pumice powder. In the latter case, 
the colour is frequently completely rubbed through and the 
too sharp contrast may be toned down by a momentary dip 
in the colour solution. 

Still further, the colour effects may be those due to the 
natural colours of the films of sufficient thickness to be opaque, 
or they may be due to light effects brought about by the 
passage of light through very thin films, which in themselves 
are of insufficient thickness to give the natural colour of the 
compound. The light transmitted through these exceedingly 
thin films is then reflected from the metal surface beneath, and 
during this reflection is broken up in much the same way as 
when passing through a prism of varying thickness, thus 
producing effects similar to those of the spectrum, or what 
may be called “rainbow” effects. 

Another important feature of these metal colouring pro¬ 
cesses is the difference in colour produced on two metals of 
slightly differing composition. As an extreme case copper 
and brass behave very differently in the same solution but, 
more relevant to the case in point, two samples of copper, 
one of ordinary commercial composition and another produced 
by electrolysis, give markedly different effects in the same 
solution. 

Still further, where petals, such for example as iron, are 
not in themselves amenable to simple colouring effects, they 
may be refnAbred more susceptible by the application of a thin 
deposit of another metal, this also increasing the range of 
colour obtainable. Iron and steel work is, on this principle, 
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frequently coppered either in the cyanide solution alone, or 
subsequently thickened in the acid solution, thus rendering 
possible the application of the colours usually associated with 
copper to the baser metal iron. 

Another principle which can be effectively employed is that 
of parcel deposition, whereby two either slightly or markedly 
different colours may be obtained on the same piece of work 
with pleasing results. 

It will thus be appreciated that the processes of deposition 
and subsequent metal colouring provide wide scope for 
decorative effects on many metals which normally possess no 
attractive features. 

Subsequent to colouring the usual processes of rinsing call 
for the same degree of perfection as with plating, and drying 
is frequently followed by lacquering with either colourless or 
coloured lacquers. 

A few typical examples will now be referred to, a much 
wider range being available from other works dealing more 
exclusively with this phase of decorative metal work. 

Colouring of Copper 

A wide range of colour and shade is effectively obtained 
on copper by the use of a number of solutions, the chief con¬ 
stituent of which is one of the soluble sulphides. These sul¬ 
phides include those of sodium, potassium, barium, and 
ammonium. With different concentrations, temperatures and 
times of exposure the colours may vary from the lightest 
brown to black, and still further variations are possible 
according to whether the copper surface is smooth or maljfr, 
the latter surface generally yielding the darker colour. 

These colours also lend themselves to relief with still further 
possible variations of effect. The processes are widely used. 

Copper “Oxidize.” A typical solution is— 

Potassium sulphide 

(Liver of sulphur) 2 oz. 12*5 gm. 

Ammonium chloride 2 lb. 200 „ 

Water .... 1 gal. 1 litre 

The solution is used cold. If warmed a weaker solution will 
serve the purpose better. In case of an unsatisfactory result 
the colouration may easily be removed prior to a further 
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attempt being made. The process is very elastic in operation, 
the film being one of copper sulphide—not oxide. 

Florentine Bronze. This very pleasing effect is produoed 
by the application of a paste composed of red oxide of iron 
and blacklead and drying at 100° C. for about half an hour. 
The copper is oxidized at the expense of the iron oxide thus— 

2Cu + Fe 2 0 3 = Cu 2 0 + 2FeO 

The paste or dry powder is then removed with a stiff bristle 
brush. Darker shades are obtained at a higher temperature. 
The most pleasing result is obtained with electrolytic copper, 
so that all other examples of metals are amenable to this 
process by the prior application of copper from an appropriate 
solution. 

Steel Bronze. 

Solution— 

Arsenious oxide . 20 oz. 125 gin. 

Copper sulphate .10,, 62 „ 

Ammonium chloride . 2 „ 12*5 „ 

Hydrochloric acid . 1 gal. 1 litre 

The oxide of arsenic readily dissolves in the warmed acid, 
the other materials being subsequently added. The solution 
at 120° F. gives a quick result, but in cold solution the simple 
deposition of the arsenic (for such the process is) takes place 
more slowly. Either relief effects or finishing with a soft mop 
may then be resorted to, to enhance the effect. 

Colouring of Brass 

* 

In view of the fact that traces of impurity in copper pro¬ 
foundly influence the colour effects chemically developed, it 
becomes quite impossible to predict with certainty the results 
of the same solutions on brass. A number of well-defined 
colours are, however, readily and repeatedly obtainable. 

Various Colours. 

Solution— 

Sodium thiosulphate 

“Hypo” . 12 oz. 75 gm. 

Lead acetate . 8 „ 60 , 

Water .... 1 gal. 1 litre 
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The salts are added together to the water and raised to 
180° F. Clean brass acquires in this solution the following 
succession of colours: pale gold, dark gold, orange, brown, 
crimson, purple, and through various iridescent shades to 
deep blue, and finally to steel grey. Careful manipulation will 
succeed in arresting the process at any desired shade. 

The succession of colours appears to be due to the reflection 
of light from the metal below, through the increasingly thicker 
film of deposited lead sulphide. When the film becomes 
appreciably thick, the observed colour is that of the opaque 
film. The colours are rendered much more permanent by 
lacquering. The film which is lead sulphide appears to be due 
to the following chemical changes— 

Pb (C 2 H 3 0 2 ) 2 + Na 2 S 2 0 3 = PbS 2 0 3 + 2NaC 2 H 3 0 2 
PbS 2 0 3 + H 2 0 = PbS + H 2 S0 4 

Black on Brass. Several solutions are available for this 
effect. They usually comprise ammoniacal solutions of copper 
salts such as— 

(a) Copper sulphate . 4 oz. 25 gm. 

Water . . 1 gal. 1 litre 

Ammonia .880 q.s. q.s. 

The copper salt is dissolved in a part of the water. Am¬ 
monia is added until the green hydroxide of copper first formed 
is nearly all redissolved. A small residue of undissolved copper 
hydroxide is a guarantee of the absence of a large excess of 
ammonia in the presence of which the black film (a black 
hydrate of copper oxide) is soluble, and therefore not pro¬ 
duced. The solution gives a quick result when used hot. The 
action is slower when cold. 

(6) Copper nitrate may be used in place of the sulphate, and 

(c) A similar effect is obtained by dissolving copper car¬ 
bonate in ammonia, which again must not be in excess. 

Steel Brdnze. 

Solution— 

White arseaic (As a O s ) . 12 oz. 75 gm. 

Hydrochloric acid (cone.) 1 gal. 1 litre 

The arsenious oxide readily dissolves in the warmed acid— 
As 2 0 3 + 6HC1 = 2 AsC 1 8 + 3H a O 
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and by immersion the arsenic is substituted by the copper (or 
zinc) of the brass— 

2AsC 1 3 + 3Cu = 2 As + 3 CuC1 2 

Care must be taken to avoid the inhalation of the extremely 
poisonous fumes. 

Again, the reaction is slow in cold solutions and more 
rapid on warming. 

Very many other chemical solutions are available for the 
colouration of brass with a wide variety of results. Further 
compositions with manipulative details may be obtained by 
consulting relevant works on the subject. 

Colouring of Silver 

While silver is not susceptible to direct combination with 
oxygen, it readily discolours under ordinary atmospheric 
conditions. This is mainly due to the presence of sulphuretted 
hydrogen, which, acting on silver thus— 

2Ag + H 2 S - Ag 2 S 4- H 2 

produces thin films of silver sulphide of various shades. 

Such films may therefore be produced by design with 
solutions containing soluble sulphides as in the case of copper. 
The effect obtained is commonly but erroneously known as 
“oxidizing,” and further decorative effects are obtained by 
relieving as in the case of copper. 

A very satisfactory, though much more expensive, method 
of “oxidizing” silver involves its immersion in a solution 
(necessarily dilute) of platinum chloride. The metal platinum 
comes down by replacement thus— 

4Ag + PtCl 4 = Pt + 4AgCl 

The relatively small amount of silver chloride formed is 
washed away and good tones are produced. 

Many other metals are also amenable to the processes of' 
chemical metal colouring. The subject is altogether too broad 
to enlarge upon here. m 

MetaUochromes. These purely decorative effects are pro¬ 
duced on polished metals, usually iron or nickel, by making 
them anode in a solution of lead salt when, by electrolysis, 
thin films of di-oxide of lead are deposited upon them giving 
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rise to what may be called rainbow effects due to inter¬ 
ference.’* 

A solution suitable for this purpose is— 

Litharge (PbO) .... 62*5 gm. 

Caustic potash . . 100 „ 

Water ...... I litre 

Other lead compounds, including especially the acetate $ 
are also available. The polished plate is made anode and a 
cathode is provided by a copper or other wire held with its 
end facing the plate and close to it. Lead di-oxide is formed 
opposite to the cathode wire, the deposit spreading from this 
initial centre and decreasing in thickness with distance. 

It is this varying thickness which breaks up the light as it 
passes through and is reflected from the polished surface below. 
The ornamental character of the effects may be increased by 
shaping the cathode wire and varying its distance from the 
polished anode. The results are striking, but cannot be said 
to be of large application. 

Lacquering. Few metal finishes, whether obtained by 
polishing, dipping, deposition or metal colouring, are quite 
free from oxidation or discoloration under atmospheric 
conditions. They seem to call for some final covering which, 
by its inertness and continuity, will completely insulate the 
metal from the atmosphere. Years ago, large quantities of 
brass were used in many different domestic forms in which 
the polished metal was conspicuous. Some protection from 
the air was a vital necessity. For this purpose coverings known 
a.s lacquers are applied. Formerly, these for the most part 
were solutions—or more correctly suspensions—of the different 
forms of lac in a volatile spirit. After applying to the metal 
surface, the spirit evaporated away, leaving a very thin yet 
continuous layer of the lac over the surface of the metal. 
Such lacquers were first applied by a hot process. In the case 
of small work, this was wired in batches, warmed on a stove, 
immersed in the lacquer, allowed first to drain, and then to 
dry. Larger work was dealt with individually and by hand. 
This involved considerable skill on the part of the operator, 
but could be satisfactorily accomplished with the necessary 
speed. Drying required from 10 to 15 minutes. Temperature 
control was a matter of importance, especially as in a moist 
atmosphere, vapour could condense from the air by the 
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cooling effect of the evaporating spirit, giving rise to a 
" bloom ” which was undesirable. 

Cold processes, therefore, offered some attraction, and were 
adopted on quite a large scale as they eliminated any special 
skill, the lacquers being applied by dipping, brushing, or spray¬ 
ing. The lacquers contained notable quantities of higher 
alcohols, these preventing the undesirable bloom. They could 
also be tinted, thus enhancing the appearance of many metals, 
while a green tint improved the effect of an antique finish. 

More recently, other materials have been applied. Thus in 
1916, nitro-cotton of the form of mononitrocellulose came into 
use. This compound is produced by the action of a mixture 
of strong nitric and sulphuric acids on cotton wool. After 
“nitrating,” the product is thoroughly washed in many 
changes of water and dried with care, ft then contains about 
12 per cent of nitrogen, and is dissolved or dispersed in a mix¬ 
ture of solvents, such as acetone, amyl acetate, and a number of 
hexane derivatives, avoiding too large a proportion of the 
more volatile constituents. A further addition is that known 
as the plasticizer, the purpose of which is to displace brittle¬ 
ness by toughness in the lacquer film. For thinning down such 
lacquers other solvents of the benzol and toluol types are used. 
The resulting lacquer is more resistant to abrasion than those 
from gum lacquers. The materials, especially the nitro-cotton, 
are highly inflammable, but a little care in their manipulation 
provides an adequate check, while the resulting thin film can 
hardly be said to present any risk. Still more recently, syn¬ 
thetic resins similar to the natural gums have been largely 
applied. In addition to producing a hard glossy finish, they 
may still be improved by stoving, and then offer considerable 
resistance to all the usual forms of corrosive attack. Where 
tints are required on lacquered articles, they may be applied 
fit her in the form of a tinted lacquer, in which case unevenly 
applied lacquer brings variations of shades, or, alternatively, 
the tint may be applied by immersion in a dye subsequent to 
lacquering with the production of a more uniform finish. 
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Useful Information 
Metric System 

I Metre = 10 decimetres = 100 centimetres - 1000 millimetres = 

39*37 inches 

1 Kilogram — 1000 grams = 2*204 lb. 

1 Litre = 1 cubic decimetre = 1000 cubic centimetree = 1} pints 

1 cub. cm. and l inilh-litre are tho same for all practical purposes 


Conversion Tables 


one inch 

one sq. in. — 

one sq. ft. 

one cub. in. — 

one gram 

one pound (avdp.) — 

ft • • ' ~ 

1 ounce (avdp.) 

1 ounce (troy) — 

1 kilogram -- 

1 pint = 

1 fl. oz. — 

1 Imp. gallon — 

1 Imp. gallon = 

1 U.S.A. gallon 
1 U.S.A. quart 
1 gallon — 

20 fl. oz. = 

l litre — 

1 cub. ft. — 

1 cub. ft. 

1 lb. (avdp.) per gallon — 
oz. per gal. X 6J = 

lb. per gal. X 100 = 

oz. per U.S.A. gal. X 1*2 — 
grains per gal. are parts per 
grains per gal. 

70" 


2*34 cm. = 25*4 mm. 

6*45 sq. cm. “ 645 sq. mm. 
9*2 sq. dm. 

16*4 cub. cm. 

15*432 grains 
7000 grains 
453*6 grams 
28*4 grains 
31*1 grams 
2*204 lb. (avdp ) 

20 fl. oz. =- 567 cc. 

28*4 c.c. 

4*536 litres 
1*2 U.S.A. gal. 

3*78 litres 
•946 litre 
276*5 cub. in. 

34*5 cub. in. 

1*76 pints 
28*4 litres 
6*25 gallons (Imp.) 

7*5 gallons (U.S.A., 

100 grams per litre 
gm. per litre 
gm. per litre 
oz. per Imp. gal. 

70,000 

gm. per litre 
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Conversion Tables —(oontd.) 
gin. per litre x -133 — oz. (avdp.) per l T .S.A. gal. 
„ ,, X *16 -- oz. (avdp.) ]>or Imp. gal. 

,, „ X *122 = oz. (troy) per U.S.A. gal. 

,, x *146 — oz. (troy) per Imp. gal. 

,, ,, X 2*44 — dwts per U.S.A. gal. 

„ .. x 2-92 — dwts per Imp. gal. 


Electrical Quantities 

I coulomb = 1 ampere-second and deposits 
•000329 gram Cu or 
•001118 gram Ag. 

1 ampere deposits 1*182 gm Cu per hour 
1 „ „ 4-024 ,, Ag per hour 

1 ampere-hour = 3600 coulombs 
96,540 coulombs ] 
or 

26*8 Ah 

amp. per dm. 2 X 9-2 — amp. per ft. 2 

Sp. Or. (approx.) 
12 “ 


( deposit one gram- 
equivalent of any metal 


oz. per ft. 2 for -001" — 


1 watt 

L horsepower 
1 kilowatt hour 


— 1 volt-ampere 

— 746 watts 

— 1000 watt liours = 1 Board of Trade Unit 
(B.o.T.U.) = 1J horsepower hours. 


TABLE LX XI 


Temperature Scales 


•c j 

o jp 

i 

°c 

°#F 

0 

32 

55 

131 

5 

41 

60 

140 

10 

50 

65 

149 

15 

59 

70 

158 

20 

68 

75 

167 

25 

77 

80 

176 

30 

86 

85 

185 

35 

95 

90 

194 

40 

104 

95 

203 

45 

113 

100 

212 

50 

122 


% 


degrees Fahr. = (degrees Cent, x J) 4* 32 
degrees Cent. ** (degrees Fahr—32) X » 
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TABLE LXXII 

Specific Gravities and Weights of Metals 


Metal J 

Sp. Gr. 

Wt. 1 cub. in. 
oz. avdp. 

Aluminium ..... 

2*7 

1*56 

Cadmium ..... 

8-6 

4*97 

Chromium ..... 

6-9 

3*98 

Cobalt ..... 

8*8 

5*08 

Copper ..... 

8*95 

518 

Gold. 

19*4 

10*2 (troy) 

Iron ...... 

7*8 

4-5 

Lead ...... 

11*4 

6*6 

Magnesium ..... 

1*75 

101 

Manganese ..... 

7*4 

4-26 

Mercury ..... 

13*6 

7*9 

Nickel ..... 

8*8 

5*08 

Platinum ..... 

21*4 

11 (troy) 

Silver ...... 

10*5 

5*53 (troy) 

Tin. 

7*3 

4*2 

Zinc ...... 

6-9 

3*98 


TABLE LXXIII 
Thickness op Wires 


Standard 

Wire Gauge 
(S.W.G.) 

Diameter 

Inch 

Centimetre 

0 

0*324 

0*823 

2 

0*276 

0-701 

4 

0*232 

0*589 

6 

0*192 

0*488 

8 

0160 

0*406 

10 

0*128 

0*325 

12 

0*104 

0*264 

14 

0*080 

0*203 

16 

0*064 

0*162 

18 

0*048 

0*122 

20 

0*036 

0*0915 

22 

0*028 

0*071 

24 

0*022 

0*056 

26 

0*018 

0*046 

28 

0*0148 

0*038 

30 

0*0124 

0*032 


i6-(T. 5 646) 
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TABLE 

LXXIV 



Resistance 

of Wires 


Metal 

S.W.G. 1 

Ohms per foot 

Feet per ohm 

i 

i 

12 ! 

0-000944 

1060 

i 

14 

0-001595 

628 


16 

0-00249 

402 

Copper * 

1 

18 

0-00443 

226 

20 

0-00787 

127 

1 

i 

! 22 

0-013 

77 


24 

0-021 

47V) 


' 12 

0-00566 

177 


14 

0-00957 

105 

Iron 

16 

0-01496 

67 


18 

0-0266 

37 


■ 20 

0-0472 

21 


, 12 

0-0189 

53 


14 

0-0319 

31 

Nickel silver 

16 

0-0498 

20 


; is 

0-0886 

11-3 


20 

0-1574 

6-3 

Platinoid 

j 20 

0-21 

4-75 

Manganin 

j 20 

0-262 

3-8 


TTf "Tty ) 
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TABLE LXXV 

Hydrometer Scales and Specific Gravities 


Beaume 

(Nickel- 

ometer) 

Twaddell 

Specific 

Gravity 

Beaum6 
(Nickel- 
o me ter) 

Twaddell 

i 

Specific 

Gravity 

0 

0 

1-000 

39-8 

76-0 

1-380 

o 

2-8 

1-014 

40-0 

70-6 

1-383 

2-7 

40 

1-020 

41-2 

80-0 

1-400 

40 

5*8 

1-029 

42-0 

82-0 

1-410 

5-4 

8-0 

1-040 

42-7 

84-0 

1-420 

0 0 

90 

1-045 

44-0 

87-6 

1-438 

8-0 

120 

1-060 

44-1 

88-0 

1-440 

10*0 

150 

1.075 

45-4 

92-0 

1-460 

10-6 

160 

1-080 

46-0 

93-6 

1-468 

120 

18-2 

1-091 

46-8 

96-0 

1-480 

130 

200 

MOO 

48-0 

99-6 

1-498 

140 

21-6 

1-108 

48-1 

100-0 

1-500 

15-4 

240 

1-120 

49-0 

1030 

1-515 

160 

25 0 

1-125 

500 

106-0 

1-530 

17-7 

280 

1-140 

51-0 

109-2 

1-546 

180 

28-4 

1-142 

520 

112.6 

1-563 

19-8 

320 

1-160 

53-0 

1160 

1-580 

200 

32-4 

1-162 

54-0 

119-4 

1-597 

220 

360 

1-180 

55-0 

1230 

1-625 

240 

400 

1-200 

560 

127-0 

1-635 

260 

440 

1-220 

57-0 

130-0 

1-650 

27-9 

48-0 

1-240 

58-0 

134-2 

1-671 

28-0 

48-2 

1-241 

590 

138-2 

1-690 

29-7 

52-0 

1-260 

600 

142-0 

1-710 

300 

52-6 

1-263 

61-0 

146-2 

1-731 

31-5 

560 

1-280 

62-0 

150-6 

1-753 

320 

570 

1-285 

63-0 

155-0 

1-775 

33-3 

600 

1-300 

64-0 

159-0 

1-795 

340 

61-6 

1-308 

65-0 

164*0 

1-820 

360 

640 

1-320 

66.0 

168-4 

1-842 

36-0 

66*4 

1-332 

67-0 

173-0 

1-865 

36-6 

68-0 

1-340 

68-0 

178-2 

1-891 

380 

71-4 

1-357 

69-0 

183-2 

1-916 

38-2 

720 

1-360 
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Absolute velocity of ions, 40 
Absorption of metal deposits, 330 
Accumulator, 100 

-, arrangement of, 149 

-, chemistry of, 101 

-, curves, 102 

Acetic acid, 83 
Acid copper bath, 210 

-, analysis of, 220 

-, maintenance of, 

215 

-etch, 205 

pickling, 197 
Acidity, 122 

-of nickel solutions, 270 

Acids, 6 

—-—, estimation of, 83 

- - -, mixed, analysis, 85 
Activated carbon filter, 163 
Addition agents, 129 
Adhesion of deposits, 331, 422 

--—, tests for, 423 

Ageing of solutions, 115 
Agitation, 165 

Air, action on metals, 18, 21 
Alkali carbonates, solubilities, 94, 

-cleaning, 191 

Alkaline cyanides, 92 

- — copper bath, 229 

---analysis, 240 

-zinc bath, 325 

Alkalis, 6, 87 
—, estimation of, 89 

-■, mixed, 90 

Alloys, deposition of, 402 

-, resistance of, 33 

Aluminium, 440 

-, deposition of, 397 

-,-on, 440 

-electrolytic, polishing of, 

450 

-rectifier, 110 

Amalgam, gold, 266 
American potash, 90 


Ammeter, 158 

Ammonia, estimation of, 308 

-solutions, density of, 89 

Amorphous layer, 183 
Ampere, 25 

Ampere hour meter, 48 
Anions, 30 
Anode, 30 

-, antimonial lead, 364 

- — efficiency, 46 

- —- potential, 68 

-, tellurium lead, 364 

Anodes, insoluble, 58 
-, nickel, 275 

-, soluble, 56 

- —, supplementary, 53 
Anodic etching, 281 
-oxidation, 444 

— polishing, aluminium, 450 

- —, nickel, 299 

-, silver, 254 

- 9 steel, 450 

Antidotes against poisoning, 99 
Aqua Regia, 83 
Areas, computation of, 50 
Arrangement of vats, 150 
Atmospheric conditions, 19 
Atomic dimensions, 30 

-weights, 3 

Atoms, 2 

“Auto filter,’’ nickel anodes, 275 
Automatic plating, 168 

Barrel cleaning, 174 
Barrels, plating, 166, 284 
Basic salts, 211 
B.D.H. comparator, 127 
Beaume hydrometer, 119 
Bent cathode test, 358 
Bipolar electrodes, 54 
Black chromium, 371 
Black nickelling, 283 
Blistering, 256 
Board of Trade Unit, 27 
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Bobs, 177 
Bonderizing, 456 
Boric acid, estimation of, 3J5 
Brass, colouring of, 464 

-, composition of deposits, 408 

*-, deposition of, 405 

-, dipping of, 200 

Brassing solutions, 406 

-, throwing power, 411 

Bright dips, 201 

- nickel plating, 300 

-plating, 249 

Brighteners, 231 
Brinell test, 434 

i: -cresol purple, i—> 

Bnui" *. deposition of, 415 
Brush gear, 107 

B.S.I. throwing power scale, 138 
Buffering agents, 271 
Building up, 1 
Bunsen cell, 100 
Burette, 75 

Cadmium anodes, 338 

-, anti-corrosion properties, 

340 

-deposition, 336 

-deposits, heat treatment, 341 

-, thickness, 339 

-zinc alloys, 419 

Calico mops, 180 
Capillator, 125 
Carat plating, 265 
Carats, 261 

Carbon disulphide, 129 
Carbonates in solution, 93, 117, 
233, 245, 260, 334, 344 

-, estimation of, 99 

-, removal of, 256 

Castings, treatm_4i» of, 280, 281 
Cathions, 30 
Cathode, 30 

- efficiency, 46 

- potential, 68, 136 

Caustic potash, 87 

- soda, 88 

Cavity test, 360 
Characteristic curves, 105 
Chemical analysis, 69 

- deeming, 186 

- equivalents, 42,*76 


Chemical formulae, 4 

-polarisation. 55 

- principles, 2 

Chevreul’s solution, 231 
Chlorides, estimation of, 98, 303 
Chord test, Mesle, 432 
“Chroipe," hard, 377 
Chromic acid, estimation, 379 

--, purity, 347 

-solutions, analysis, 379 

--, density, 350 

Chromium deposition, 346 

- f applications, 375 

-, black, 371 

ts, finishing of, 182 

- f sheet, 371 

-, types, 367 

-——, weights of, 365 

-- removal from nickel solu¬ 
tions, 278 

-solutions, 346 

-, analysis, 379 

--, throwing power, 357 

--, vats for. 360 

-——, ventilation of, 373 

Classification of salts, 13 
Cleaning and coppering, 197 

-chemical, 186 

-, electrolytic, 194 

-, mechanical, 173 

-solutions, maintenance, 196 

- solvents, 187 

Cobalt; deposition of, 397 
-, estimation in nickel solu¬ 
tions, 312 
Colloids, 131 
Colorimetric analysis, 71 
Colouring of brass, 464 

-—- copper, 463 

-* _ gold, 265 

--silver, 466 

Common names for chemicals, 10 
Comparator, B.D.H., 127 

-, Hellige, 126 

Complex ions, 29 
Composite deposits, 294 
Compound winding, 106 
Concentration polarization, 58 
conductance of electrolytes, 33 

-of metals, 14 

- of mixed electrolytes, 37 
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Conducting salts, 116 
Conductivity, 34 
Conductors, 152 

-, thickness of, 153 

-, weights of, 154 

Connections, 154 
Constitution of electrolytes, 28 
Constitutional formulae, 5 
Copper, deposition of, 210 
- 1 -from non-cyanide solu¬ 
tions, 238 

-dev >sits, reinforced, 217 

- . thickness of, 212 

-caw action, 218 

-oxidize, 463 

-refining, 219 

-sulphate, composition of, 5 

--solutions, analyses, 

220, 240 

--, density of, 222 

Copper tubes, deposition of, 217 

-wire, carrying capacity, 155 

Coppering steel in acid bath, 216 

Corrodibility of metals, 19, 59, 66 

Coslettizing, 194 

Coulomb, 24 

Coulometers, 47 

Covering power, 142 

Crocus, 184 

Current, 30 

-density, 49 

-, control of, 52 

--— meters, 51 

-efficiency, 46 

- — , sources of, 100 
Cyanides, alkali, 92 

-, analysis of, 96 

-as poisons, 99 

-, decomposition of, 93 

-, estimation of, 96 

-specifications, 94 [304 

Cyanometric estimation of nickel, 

Daniell cell, 23 
Decarbonating, 256 
Dechromator, 356 
Deci-normal solutions, 77 
Decorative plating, 1 
Degreasing, 187 
Degree of dissociation, 32 
Density, current, 49 


Density of metals, 471 

- of solutions, 117 

Depolarized anodes, 275 
Deposition, quantitative, 42 
Deposits, thickness of, 40, 45 

-, weights of, 43 

Detachable deposits, 451 
Dezincification, 368 
Die-castings, 282 
Diffusion of deposits, 330 
Dimethyl glyoxime, 307 
Dips, 197 

Discharge of ions, 67 
Dissociation, degree of, 32 
Doctoring, 250 
Drag-out losses, 120 
Drying out, 209 
Ductility of metals, 115 
Duplex carriage transfer plant, 
169 

Dyeing anodic films, 448 
Dynamo, 102 

E.H.P., 28 

| Electrical terms, 25 

- units, 24 

-work, 26 

Electro-chemical equivalent, 43 

- series, 59 

Electrode, efficiency, 47 
Electrode potentials, 60 
Electrodes, 30 
Electro-forming, 1 
Electro-galvanizing, 320 
Electrolysis, definition, 42 

-, process of, 30 

-, quantitative, 42 

Electrolyte, 28 

Electrolytes, constitution of, 29 

-, mixed, 37 

-, resistance of, 33 

Electrolytic analysis, 72 

-cleaning, 194 

-dissociation, 29 

- polishing, 254, 299, 449 

-solution pressure, 61 

Electromotive force, 25 
Electron, 29 
Electro-negative, 60 
Electrophoresis, 196 
Electro-plating aims, 2 
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Electro gating plant, 143 
Electro-positive, 60 
Electro typing, 1, 216 
Elements, 2 

Embrittlement of steel, 203 
Emerv, 184 
E.M.F., 25 

Empirical formulae, 5 
Emulsification, 192 
Erection of plant, 144 
Ethanolamme solutions, 239 
Excitation, 103 
Exposure test, 436 
Extraction of metals, 2 

Faraday’s Laws, 42 
Fast-cutting mops, 182 
Fatty compounds, 186 
Felt bobs, 180 
Ferroxyl tests, 437 
Filming of tin anodes, 391 
Filters, candle, 162 

-, centrifugal, 163 

-, cone, 161 

-, pre-coated, 163 

-, press, 161 

-, woven glass, 163 

Filtration of solutions, 160 
Florentine bronze, 464 
Flow of electricity, 25 

-water, 25 

Foodstuffs and cadmium, 341 
Foot-pound, the, 27 
Formulae, chemical, 4 
Free cyanide, 116 
Frequency, 102 
Fulminate of gold, 264 
Fundamental principles, 1 

Galvanized iron, 66 
Galvanizing, 320 
Gas coulometer, 48 
Generators, erection of, 149 
Gilding, 263 
Gilt wire, 267 
Glycerine, 191 
Glyceryl stearate, 191 
Gold, alloys, 261 

-, colouring of, 265, 266 

-, deposition of, 261 

-- .. f -of applications, 267 


| Gold, deposits, colours of, 265 

I - leaf by deposition, 267 

Graduated cylinders, 73 
! Gravimetric analysis, 70, 71 
Grease, removal of, 186 
Green gold, 265 

Handling small parts, 166 
Hardness of deposits, 296, 433 

, --, tests for, 434 

! -metals, 13 

j Health hazards, 372 
I Heating solutions, 164 
j Horse-power, 27 
Hot water test, 437 
Hydrochloric acid, 81 

t - *-, density of. 82 

Hydrogen ion concentration, 122 
Hydrometer, 119 
-scales, 120 

Impurities, effect on metals, 16 
! Indicators, 124 
| Inhibitors, 198 
Indium, deposition of, 401 
Ionic migration, 30 

-pressure, 62 

speed. 39 
Ionization, 29 
Ions, 21, 29 

-, production and discharge, 67 

Iron and steel, cleaning of, 202 

-■, deposition of, 385 

-, estimation of, 226, 310 

-in nickel solution, 278, 310 

-chrome solution, 356 

-phosphates, 455 

j-removal from nickel bath 

i 278 

Jet test, B.N.F., 429 
Joule, 27 

Kieselguhr, 162 
! Kilowatt hour, 27 

! 

| Lacquering, 467 
Lead, accumulator, 100 

-, aluminium rectifier, 110 

: -, deposition of, 393 

1 Lead-tin alloys, cleaning of, 204 
;-, deposition of, 416 
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Lime, 1S5 

-. compo, 182 

Liquor-vapour degreasing, 189 
Lustre of metals, 15 

Magnetic test for thickness, 432 

-permeability test, 433 

Maintenance of solutions, 256, 277 

Malleability, 14 

Manganese, deposition of, 398 

-phosphate, 455 

Measuring flasks, 73 
Mechanical cleaning, 173 
Meniscus, 75 
Mercurial gilding, 266 
Mesle chord test, 432 
Metal, colouring, 459 

-, content of solutions, 115 

-, rectifier, 110 

Metallic conduction, 33 
Metallo-chromes, 466 
Metals, action of air on, 18 
-, permanence of, 59 

- —, properties of. 13 

- f -, effect of impurities, 16 

-, resistance of, 33, 472 

-, weights of, 13, 471 

Microhm, 33 

Migration of ions, 31 

Milky deposit of chromium, 367 

Mineral greases, 191 

Mixed acids, estimation of, 85 

—— alkalis, estimation of, 90 

-electrolytes, conductance of, 

37 

— - -, deposition from, 402 

Molecular weights, 4 

Mops, 180 

Motor generator, 107 
Multi-liquor degreasing, 190 

Neutralization, 7 
Nickel anodes, 275 

*-on lead, 276 

-, benzol disulphonatc, 301 

-, bright deposits, 300 

-, deposition of, 268 

-, deposition, recent research, 

290 

-, deposits, defects, 284 

-,-, protective value, 293 


Nickel, eleotrotyping, 271 

-, sheets by deposition, 294 

-, solutions, 269 

- 1 analyses of, 303 

-"-, depreciation by drag- 

out, 120 

-undercoat for chromium, 

290 

Nickelling, black, 283 
Nitric acid, 81 

-, density of, 82 

Noble metals, 59 

Non-cyanide solutions for copper, 
238 

Non-metallic surfaces, deposition 
on, 216, 452 
Normal solutions, 76 

Ohm, 26 
Ohm’s Law, 26 
Over-compounding, 106 
Overload on generators, 109 
Over-voltage, 64 
Oxidation, anodic, 444 

Palladium, 399 
Parallel rheostat, 156 
Parcel deposition, 463 
Parkerizing, 455 
Passive state, 196 
Peeling, 288 

Penetration of deposits. 330, 341 
Peptone, 294 
Periodicity, 102 
Peripheral speeds, 183, 185 
Permanence of metals, 59 
pH, definition of, 123 

-, determination of, 125 

-, effect of salts on, 128 

-,-of temperature on, 270 

-, tost papers, 128 

Phenol, 211, 227 

Phosphate cleaning solution, 193 

Pickling, 197 

Pipettes, 74 

Pitting, 286 

Plant, eloctro-plating, 143 
Plating barrels, 166 

-materials, formulae, 10 

-, solutions: properties of, 115 

—— tanks, 144 
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Platinum, deposition of, 399 
Polarity of dynamo, reversal of, 
106 

Polarization, chemical, 55 

-, concentration, 58 

Polishing materials, 182. 184 

-, spindles, 177 

-, theory of, 183 

Porosity of deposits, 286 

-, tests, 435 

Potassium cyanide, 92 

-, density of solutions, 96 

Potential diagrams, 64 
Principles, fundamental. 1 
Printing rollers, coppering of, 218 
Production of ions, 67 
Protective value of deposits, 293 

Quantitative data, 43 
Quicking, 248 

Radicals, 29 

Rate of electrical work, 27 

Recovery of gold, 266 

-of silver, 257 

Rectification of trivalent chro¬ 
mium, 354 
Rectifiers, 109 
Refining, 1, 219 
Reinforced copper sheets, 217 
Relieving, 462 
Reproduction, 1 

Research on nickel deposition, 296 
Resistance of electrolytes, 33 

- of metals and alloys, 33, 472 

-of wires, 155, 472 

Resistivity, 33 
Rheostats, 156 
Rhodium, deposition of, 400 
Rinsing, 206 
Rochelle salt, 230 

-, estimation of, 241 

Rod motion, 166 
Rose gold, 265 
Rotary convertor, 109 
Rouge, 184 

Rubber lined tanks, 148 
Rumbling barrel, 176 
Rusting, 20, 22 

Sacbivicial corrosion, 66, 330 


Salt spray, 436 
Salts, classification of, 13 
Sandblasting, 173 
Saponification, 192 
Sawdust, 209 

-tank, 145, 208 

Scaling dips, 201 
Sclerometer, 434 
Scouring, 204 
Scratchbrushing, 206 
Scurf mopping, 177 
Secondary electrodes, 54 
Seeding crystals, 338 
Separate excitation, 100-103 
Series winding, 103 
Sheets by deposition, 217, 294 
Sheffield lime, 185 

- plate, 243 

Shells, electrotype, 217 
Shields, 54 
Shunt winding, 103 
Silver anodes, 247 

-, colouring of, 466 

-, deposition of, 243 

-applications, 255 

- deposits, weight of, 251 

-, electrolytic, polishing of, 

254 

-, recovery of, 257 

-solutions, 244 

-, analysis of, 258 

Silvering, 452 

Simple immersion, 60, 243, 261 
Single cell plating, 262 
Skin effect, 255 
Slinging wires, 154 
Small parts, handling of, 166 
Smee cell, 23, 100 
“Smudge,” 458 
Sodium formate, 302, 310 

-naphthalene trisulphonate, 

302 

--, estimation of, 318 

-silicate, 192 

Specific gravity bottle, 117 

-of metals, 13 

-heat, 16 

- resistance, 33 

Specification for cadmium de¬ 
posits, 340 

-chromic acid, 347 
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Specification for chromium de¬ 
posits, 366 

--- cyanides, 94 

-nickel anodes, 276 

-salts, 269 

--silver deposits, 251 

--zinc deposits, 323, 331 

Spotting-out, 208 
Stainless steel, electrolytic polish¬ 
ing of, 450 

Standard solutions, 76 
“Staybrite,” finishing of, 182 
Steel bronzing, 465 

-embrittlement of, 203 

-facing, 385 

Stitched mops, 180 
Stopping off, 453 
Straight vapour degreasing, 188 
Strength of metals, 14 
Stripping cadmium deposits, 426 

- chromium deposits, 371, 426 

-copper deposits, 237 

-nickel deposits, 299 

- silver deposits, 257 

-zinc deposits, 426, 427 

Strong electrolytes, 29 
Sulphate ratio, 352 
Sulphating, 102 
Sulphuric acid, 79 

-, density of, 

Supplementary anod^' * 

L Tanks, capacity of, 14 

i*-, erection of, 144 { f | 

[Tarnishing of metals, fife * 

'ollurium, deposition of, 398 

-, load anodes, 364 4 

1 emperature scales, 470 
'ensile strength, 14 
hickness of cadmium deposits, 
339 

--chromium deposits, 

366 

—-copper deposits, 212 

-nickel deposits, 272 

-silver deposits, 251 

- --zinc, 323 

“Thio” copper solution, 239 

-, standardization of, 224 

Thio-urea in silver plating, 250 
\Throwing efficiency, 138 


Throwing power, 116, 133 

-, cavity test, 360 

-, quantitative, 136 

Tin, deposition of, 388 
-, preparation for nickel plat¬ 
ing, 282 

Treeing of deposits, 389, 393 
Trichlorethylene degreasing, 187 
Tripoli,' 184 
Turkey red oil, 338 
Twaddell hydrometer, 119 

Unidirectional current, 102 
Universal indicator, 125 
Useful information, 469 

Vats, 144 

- in parallel, 151 

- in series, 151 

Velocity of ions, 39 
Vienna lime, 185 
Volt, 26 
Voltaic cells, 23 
Voltmeters, 158 
Volumetric analysis, 70 * 

Waterglass, 192 
Watt, 27 

Weak electrolytes. 29 
Weights of deposits, 43 

- metals, 471 

? rectifier, 113 
iouse rectifier, 110 
/ 193 

t . \il, 340 

J\V; bid, 265 

W1 ^nAig, 243 

Wile, deposition on, 267 

——, gauges, 471 

Wood linings, 145 

Workshop, selection of, 143 

Zinc base die-castings, 282 

-, coppering of, 236 

-cadmium alloy deposition, 

419 

-deposition, 320 

- on aluminium, 329,443 

-deposits, tests, 331 

-, thickness, 323 

-solutions, 320 

- > analysis of, 331 





